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LETTER OF TRANSMITTAL 

Chapbl Hill, N". C, July 24, 1920. 

To Sis Excellency, T. W. Bickbtt, 

Governor of North Carolina. 

Sib: — There ia herewith submitted for publication as BuUetia No. 28 
of the Survey series of publications a report on the "Limeetones and 
Marls of North Carolina," which has been prepared by the State Soi^ 
Tey in cooperation with the United States Geological Survey. 

With the increasing demand for lime for agricultural and building 
purposes, of marl for agricultural purposes, of crushed limestone and 
marbl0 for concrete for buildings and roads, and of limestone for the 
manufacture of cement, this report should meet the many requests that 
are constantly being received by the Survey for information regarding 
these subjects. 

Tours respectfully, 

Joseph Hydk Pbatt, Director 
North Carolina Geological and Economic Survey. 
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PREFACE 



North CaroIiDa as an agricultural State is intensely interested in a 
source of supply of lime. Since the earliest history of the state limft- 
Btone in one form or another has been known to exist in eastern and west- 
ern North Carolina, but no comprehensive investigation has ever been 
made to determine the extent and quality of these various deposits. 
While this state is not as fortunately supplied with limestone deposits 
as the adjoining states of Virginia, Tennessee, and Georgia, yet there 
are sufficient localities where this rock is known to occur to warrant, on 
account of the rapidly increasing demand for this material, that a 
thorough investigation of the quantity and quality of the limestone 
should be made. At the present time the greater proportion of the lime 
used in the state, both for agricultural and building purposes, is im- 
ported. This is also true of a great deal of the crushed limestone that 
is being used for concrete work. While it ia realized, from the investi- 
gation that has been made of the limestones and marls, that it is impos- 
sible — at the present tim^ at least — for the state to produce and fur- 
nish lihe material for all the purpraee for which limestone and marl are 
used, yet there are certain demands for this material that can and should 
he supplied entirely from deposits within the state. Any crushed lime- 
stone that is required for concrete work should he furnished from de- 
posits within the state. Even though some of these deposits are in the 
western part of the state, freight rates should not he any greater than 
on shipments of similar materials from Tennessee and West Virginia. 

At the present time comparatively very little building lime is made 
in North Carolina, and practically all of it is high calcium lima Build- 
ing lime is, however, made from hoth high calcium, high magnesium, and 
intermediate rock; and in some sections of the country a high mag- 
nesium lime is preferred to a high calcium. It is said that in eastern 
Pennsylvania, where large quantities of high magnesium lime are pro- 
duced, high calcium lime is held in disfavor by builders, whereas the 
reverse ia true in Virginia, where there is a large production of high 
calcium lime. Some of the large deposits of high magnesium limestone 
in this state appear to be well suited for burning into lime and to be 
advantageously situated as regards transportation to the principal cities 
of the state. The lime producer must demonstrate that his high mag- 
nesium lime can be usod satisfactorily as a building lime. This use of 
North Carolina magnesium limestone offers an opportunity of develop- 
ing into an industry of considerable importance. 
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What may become in the future tlie principal use of lime will be in 
chemical industries. There are at the present time more than one hun- 
dred uses of lime in manufacturing industries. The purity of the lime 
is the determining factor, and considerable investigation remains to be 
carried on before the essential properties of limes for different chemical 
uses are thoroughly tested and appreciated. In this field the North Caro- 
lina limestones may find a considerable use. 

The use of pulverized limestone as a fertilizer or soil amendment 
should be very largely increased, and it is believed that both limestones 
in Piedmont and western North Oarolina, as well aa the shell marls and 
limestones in eastern North Carolina, can be developed commercially on 
a much larger scale. Both calcium and high magnesium limestone have 
been applied to the soil in various parts of the country with satisfactory 
results. 

In paper manufacture both high calcium and high magnesium lime 
and high calcium limestone are used in the different proceaees; but 
most of them call for a high calcium lime. It is possible that some of 
the magnesium Jimestone deposits mi|4it be utilized in connection with 
the manufacture of paper, and also some of the higher grade limestones. 
By reason of the war the supply of Austrian magneeite has been cut 
off, and while that country may again supply the demand for thb min- 
eral there is at present a considerable demand for dead-bumed dolomite 
to be used for flooring and lining basic open-hearth steel furnaces and 
copper furnaces. Some of the high magnesium limestones of North 
Carolina should prove suitable for this use. Another possible use of the 
magnesium limestones would be in the manufacture of "basic magnesium 
carbonate." 

Other uses for which the North Carolina limestones and marls can be 
developed on a still larger scale would be for chicken grit, filler for as- 
phalt, and paint. 

The presence of the splendid water powers in western and Piedmont 
North Carolina in the vicinity of certain of the limestone deposits offers 
certain attractive features for the establishment of manufacturing in- 
dustries that need lime or limestone in one form or another in the manu- 
facture of their products. 

The possibility of the establishment of a cement manufacturing plant 
has always been of interest to the people of the state, particularly at the- 
present time when so much cement is used in the construction of concrete 
rosds. This question has been thoroughly investigated in connection 
with the investigation of the limestones of the stat«. Aa the limestone 
used in the manufacture of cement is finely ground, its original form is 
of little conaequence, and may be ordinary limestone, marble, chalk, or 
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marl. The investigation hae not developed any veiy favorable deposits 
of limestone for the manufacture of cement. By far the most promising 
are those along the Murphy branch in Cherokee and Swain counties; 
near Fletcher, Henderson County; and in the vicinity of Kings Moun- 
tain, Cleveland County. It is still possible that certain of the marls and 
limestones of eastern Xorth Carolina may, as they are developed, ahow 
deposits of the right quality for use in the manufacture of cement. 

While at the present time the limestone industry in the state is very 
small as compared with the production in several of the other Southern 
States, yet there is an opportunity of greatly increasing its production 
and the value of the industry. 

The present report is divided into four parts: Part I taking up a dis- 
cussion of limestone and related minerals; Part II, a geological discus- 
sion and description of localities of limestone in western North Carolina; 
Part III, of the limestones and marls in eastern North Carolina; and 
Part IV, taking up a discussion of North Carolina's position in the 
marble, limestone, and lime industries, uses of these materials, and the 
future prospects of North Carolina in this industry. 

The report has been prepared through the cooperation of the United 
States Geological Sur^'ey, and the North Carolina Geological and Eco- 
nomic Survey, The former detailed geolc^sts from their stafiP to maka 
the investigation. The North Carolina Department of Agriculture, 
through the State Chemist, made several analyses of limestones and 
marls, and placed at the disposal of the investigators the many analyses 
that they had previously made of the limestones, marls, etc., from dif- 
ferent sections of the state. 

The owners of the several limestone, marble, and mar] deposits 
throughout the state have been very generous in permitting the investi- 
gators to visit and examine their properties, and have given them all 
information and statistics regarding production that were available. The 
State Geologist takes the opportunity here to express his appreciation 
and thanks to these gentlemen for the courtesies they have extended to 
the investigators. 

Joseph Htde Pratt, 

State Geologist. 
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THE LIMESTONES AND MARLS OF NORTH CAROLINA 

By G. F. Lodohlih, E. W. Berbt ard J. A. Cttbehah. 



IHTEODUCTIOH 

The limeetonsA, marbles, and marls have been described in previous 
reports of the State Survey, the first two mainly from the standpoint of 
building stone resources,^ and the last from that of general geology and 
agriculture''^. As economic resources these materials have never become 
of very great importance, 'but the growing industrial importance of lime- 
stone and lime in the United States have made it desirable to bring the 
information on the State's resources up to date and render it readily 
available for future as well as present enterprises. N'orth (Carolina's 
consumption of lime (.02 to .03 ton per capita) is not far below the 
average for the United States (.04 ton per capita), but several of the 
limestone and marl deposits in the state are inferior in quality for certain 
important uses or deficient in quantity, and so far as the present indus- 
trial development of the etate is concerned, the most important undevel- 
oped deposits are rather unfortunately situated. The proximity of the 
important deposits to abundant undeveloped wuter power, however, 
makes them an asset of considerahle value, should certain manufaetur- 
ing industries be developed in the future. 

The important formations containing limestone and marble in Worth 
Carolina have already been mapped and described in geologic folios of 
the tr. S. Geological SurVGy,^ and those containing marls in Volume III 
of the State Survey. The work of the present writers has been prin- 
cipally an economic study, but in order to bring all the available in- 
formation together, free use with due credit has been made of t^e text 
and maps of previous writers. 

The different sections of this report are arranged in the logical order 
for one not familiar with the character and uses of limestones and marls 
and who wishes to gain a ^neral knowledge of the limestones and maris 
of the state. Part I aims to give only such general information as is 
necessary for an appreciation of the facts in subsequent parts. For 

'WitKin. T, L., ind Linev, p. B.. The bnllding and arnamcTiUl alonea at North Carolina, 
Tith the coIUborBiioD of O. P. UeirJLl: N, C. Geo). Sarvsy Bull. No. 2. □. 2B3, IBDfl. 

■Clark, W, B., Millor. B, L., 8l«ph«nBon, L. W„ JohnMB. B. L,. ind Parker, H. N., Th» 
nwaUl plain depoaiU 0[ North Carolina; N, C. Oeol. and Econ. SiinaT. Vol. Ill, lei2. 
Burgeu. J. L., Relation of paWeriied limeatone to crop production in North Carolina; N. 
a. Dept. it Art. Bull. 246. iniS. 

•Asbnille Folio (No, lis), Uoont Mltebell Folio (No. 124), Nantafaala Folio (No. 1«81. 
Ftiiah Folio (No. 147}. Oaffney Folio (nDpubliihed) . 

[IB] 
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more eshaostiTe information reference should be made to standard text 
books on geology, petrology, and mineralogy. Fart It deals with the 
limestones and dolomitesj including marbles, in weetem North Carolina, 
as these are of much more present and future importance than the marls 
of the eastern part of the state, which are treated in Fart HL 
Fart lY considers the economic importance of North Carolina in the 
mar'ble, limestone and lime industries, from the standpoint of present 
production and of suitability of the resources for more extensive use in 
different industries which require the use of limestone or lime. 
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PART I 
LIMESTONE AND RELATED MATERIALS 

Before considering the geology and economic importance of limestone 
in Xorth Carolina,, it is appropriate to describe for tlie benefit of those 

not familiar with the subject the composition, properties, origin, and 
structural features of the different materials considered in this report. 
For more thorough discussions the reader is referred to standard text 
books on geol(^ and mineralogy. 

L1ME8T0HE 

Limestone is a Bedimentary rock composed essentially of the mineral 
calcite or calcium carbonate which chemical formula is CaOOj. It is 
formed by the accumulation of sediment in a hody of water, particu- 
larly the ocean, but also in certain bodies of fresh water. Limestone 
differs from other sedimentary rocks (conglomerate sandstone and 
shale) in consisting almost entirely of calcium carbonate, popularly 
called carbonate of lime. Carbonate of lime is the principal constit- 
uent of sbellg and corals, and it is largely to the accumulation of these 
shells and corals, more or less broken and ground by the action of the 
waves, that limestones owe their origin. The, shells themselves, thus 
incorporated in the rock, are known as fossils. Several different varie- 
ties of limestone owe their differences to the degree of fineness to which 
these shell fragments are reduced. In some rather recently formed 
limestones, such as the coquina, shell rock, or shell marl in the coastal 
region of Virginia, North Carolina, South Carolina and Florida, the 
shells are well preserved and the names shell rock and coquina explain 
themselves. Some beds of these limestones consist of fragments the size 
of ordinary sand grains, and others may consist of fragments as ex- 
tremely fine grained as mud. As original shells range in size from 
several inches in length to microscopic dimensions, the fineness of grain 
of the limestone may be due in part to the size of the original shells 
as well as to the d^ree of grinding. 

In addition to the accumulation of shell fragments, a certain amount 
of calcium carbonate, with which ocean water is nearly or quite satu- 
rated, may be extracted through the action of marine bacteria, and de- 
posited by them, or may he deposited directly wherever ocean water be- 
comes locally supersaturated, just as salt is deposited from supersatu- 
rated brine. Although saturated, ocean water contains only a very 
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smAll proportion of calcium carbonate, which is only slightly soluble 
in water, and in some limestones the amount contributed by direct chem- 
ical precipitation or even by bacterial action may constitute a very 
small part. In certain localities, however, calcium carbonate derived 
in these ways is the principal constituent of the limestone and may 
form email pellets, resembling the roe of a fish, cemented together by 
finely crystalline calcite. Such a rock is termed oolitic limestone. 
Where calcium carbonate is precipitated by bacterial action in fresh 
water, it forms microscopic crystals. The resulting deposit resembles 
chalk more or less closely, and ia called freshwater marl. 

The fine particles of calcium carbonate, especially that precipitated 
by direct chemical action, may act as a cement and bind the shell frag- 
ments together. If the sea bottom subeides and the sediment already 
formed ia buried under new accumulations, the pressure thus brought 
upon it tends to increase the degree of consolidation, as calcium car- 
bonate readily readjusts itself or recryatallizes under such conditions. 
If the sediment becomes elevated above sea level, as have those along 
the aoutheaatem coast, rainwater by dissolving small quantities of cal- 
cium carbonate from the upper layers and redepositing it in the lower 
layers tends further to consolidate the lower layers. Although calcium 
carbonate is only slightly soluble in water, it is considerably more sol- 
uble in water containing an appreciable amount of carbon dioxide. 
Rainwater, by extracting carbon dioxide from the atmoaphere and or- 
ganic acids from the decaying vegetable matter in sort, is able to Mert 
a slow dissolving action upon calcium carbonate. 

Oondilrions favoring the deposition of limestone must be such that 
little or no ordinary gravel, sand or mud accumulates with it. Condi- 
tions vary from time to time, however, even in the same place. At some 
times pure limestone may be deposited ; at other times sand or mud with 
very few shells, which, when consolidated, form sandstone and shale ; at 
still other times calcium carbonate and sand or mud may be deposited 
together, forming transitional rocks appropriately called sandy or 
arenacioua limestone, limy or calcareous sandstone, shaly or argilla- 
ceous limestones, and limy or calcareous shales. 

After the foregoing discussion the following te.rma for the designa- 
tion of different varieties of limestone need little or no explanation. 

Shell limestone — composed of shells, more or less reduced to frag- 
ments. 

Fosailiferous limestone — in which fossil shells or other animal re- 
mains, such aa bones and sharks' teeth, are prominent. 

Crystalline limestoue — in which the lime carbonate has accumulated 
largely by crystal grovrth around original crystalline particles in the 
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shell fragments, or by recrystallization through the action of water and 
pressure. In this variety, the original character of the sediment is 
largely preserved. 

Compact, dense, fine-grained limestone— formed of finely ground 
particles or from minute shells consolidated into firm rock. 

Chalk — partly consolidated limestone formed essentially of micro- 
scopic shells. 

Cherty or flinty limestone — containing lumps or short veins or lenses 
of dense silica, known as chert or flint, which result from segr^ation 
of microscopic sheila or sponge spicules of silica. 

HABL8 

Marl is a loosely used term whose strict definition implies fine- 
grained, soft or partly consolidated limestone containing a considerahle 
percentage of muddy or clayey (argillaceous) material. Shells of 
small to large size may be present, and in the southeastern states the 
name is extended to include newly formed shell rock. It is also used 
by many to designate "green sand," composed essentially of the mineral 
glauconite, a green potassium-iron silicate, with which some calcium 
carbonate may be present. Marl may be deposited in the ocean or in 
fresh water and is accordingly designated either marine marl or fresh- 
water marl. 

DOLOMITE 

Dolomite is a mineral closely related to the mineral ealcite, but dif- 
fers by containing magnesium as well as calcium. It is a double car- 
bonate of these elements and is expressed by the formula CaCOg, 
MgCOg or GaMg (.003)2- The difference in chemical composition of 
theoretically pure ealcite and dolomite is shown hy the following anal- 
yses:* 

Calcitt DtUimite 

Calcium oxide or lime (CaO) Ee.04 30.4 

Hagneslum oxide or magnesia (MgO) 21.9 

Carbon dioxide (CO,) 43.96 47.7 



In many dolomites a small quantity of iron carbonate (FeCO^) is 
also present, as shown in certain of the analyses on page 149, 

Calcite and dolomite so closely resemble each other in appearance 
and in crystal properties that they may not be accurately distinguished 
without chemical or microscopic tests. When a specimen of ealcite is 

•Glarks. r. W, Hi* diU ot seocbcmiitr; ; U. S. OhIopciI Suner Bull, BIS. pp. SSS- 
(TO, 1618. 
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touched with a drop of dilute hydrochloric or acetic acid a brisk foam- 
ing or eflfervescence results owing to the escape of carbon dioxide gas, 
while the calcium oxide becomes dissolved as calcium chloride or cal- 
cium acetate. Pure dolomite is affected only slightly if at all by these 
dilute acids. If finely ground or if treated with strong acid, dolomite 
also will effervesce. Where both minerals are present and very dilute 
acid (1 part of acid to 8 or more of water) is used, the calcite is en- 
tirely dissolved, while most of the dolomite remains with any quartz 
feldspar clay, fine mica, or other silicate minerals as a residue. 

Hocks which consist largely or almost entirely of the mineral dolo- 
mite are also called dolomite, or dolomite rock; but in most of these 
rocks there is a small to varying amount of calcite, and they cannot be 
accurately distinguished from ordinary limestone without a chemical or 
microscopic test.'' The rocks are more exactly designated dolomitic 
limestones. As the percentage of magnesia is an important, if not de- 
cisive, factor in the utility of the s.tone these rocks are frequently desig- 
nated high magnesium limestones in contrast to the high calcium lime- 
stones which consist essentially of calcite. Rocks of intermediate com- 
position are called low magnesium limestones. 

The origin of rocks consisting largely of the mineral dolomite is not 
thoroughly understood, but study of many dolomites by different geolo- 
gists has resulted in the general conclusion that, with few possible 
exceptions, they have been derived from limestone, part of whoee calcium 
has been replaced by an equivalent part of magnesium before the 
rock had become thoroughly consolidated. The exact natural condi- 
tions, however, under which the magnesium united with the remainder 
of the rock and crystallized as dolomite have not been determined. 
Some marine shells and the hard secretions of certain plant organisms 
of low order called algae contain small to considerable percentages of 
magnesium carbonate, and account for the small quantities present in 
many newly formed shell limestones and coral reefs but even if a rock 
were formed entirely of the shells which contain moat magnesia, the 
percentage of magnesia in the rock would be far below that of dolomite. 
Rocks with a considerable content of original magnesium carbonate are, 
however, juat so much more readily changed into dolomite. The fact that 
marine life is continually extracting lime from sea water and that the sea 
water is nevertheless continually saturated with it implies that a contin- 
uous supply of lime is supplied to the ocean. This supply comes largely 
from the lime in river waters, and in part from the leaching of lime from 

'D»!8. T. N., The coramerciiil mmrblM of «e»(em Vennonl: U, S, Geol. Sunej'. Boll No. 
K'>x nn od. 9^ ^nA 90- Urm 3 i^TiA *, 1912. Whf'H calcite Hud dolorUTifi Are both orj'Btal' 
la biiect the acute aDg\e of the cleayage rhomb, vbenu thoia 
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newly deposited limestone. Althongli ocean water contains more mag- 
nesia than lime there ia no comparable extraction of magnesia from sea 
water and renewal from deposits of magnesian shells. The extraction 
of lime, therefore, gradually increases the ratio of magnesia to lime in 
deposits of lim«stone on the sea bottom. It is also probable that renewal 
of the ^me supply in ocean water promotes a reaction by which some 
of the magnesia is deposited while an equivalent quantity of lime is 
■dissolved. These processes of leaching ^and replacement if loi^ enough 
continued, and if aided, perhaps, by certain minor factors that need not 
be discussed here, bring the magnesia lime ratio to that of dolomite, that 
is 1 :1. With this ratio esta'blished, the conditions of moist pressure at 
the sea bottom may effect crystallization of the double carbonate dolo- 
mite instead of a mechanical mixture of the two carbonates. 

Comparison of analyses of limestones and marls in l^orth Carolina, 
(pages 140 and 151) shows that in only the geologically old forma- 
tions do rocks closely approach the composition of dolomite. This rule 
is generally applicable to limestones and dolomites throughout the earlier 
geologic formations, including those in North Carolina, and it is clear 
that even in the earlier ages certain varying factors controlled the pres- 
ervation of high calcium limeetone or its partial to complete replace- 
ment by dolomita^ 

BUBBLE 

The term marble has been used by geologists to designate a limestone 
or dolomite that has become recryatallLzed under heat and presmire. The 
term in the building industry implies a relatively soft stone, partly or 
completely crystalline, usually composed essentially of calcite or dolo- 
mite, but including certain rocks composed of serpentine, which are 
adapted to ornamental building or monumental work. So many im- 
portant commercial marbles do not conform to the strict gef^ogic defini- 
tion that some confusion may result unless due allowance is m'ade for 
the dual meaning of the word. In North Carolina, on the other hand, 
most of the limestones and dolomites in the western half of the state can 
be called marbles in the geologic sense, but owing to excessive fracturing 
or unattractive color they have no commercial value as marbles, although 
they are adapted to various uses of limestone or dolomite. 
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HINOB HINEKAL8 IS LlfflESTONE, DOLOKITE, AND KAItBLE 

Attention has already been directed to such impurities as sand and 
clay in limestones. Sand in general consists of quartz grains with or 
without minor quantities of other mineral derived from igneous rocks, 
particularly feldspars (both orthoclase and plagioclase), mica and mag- 
netite. 

In some limestones silica deposited in an amorphous condition may 
become concentrated into flint nodules or lenses. These may develop a 
minutely crystalline texture and are then known as chert. Chert in 
turn, especially in m.etamorphosed limeatones or marbles, becomes more 
coarsely crystalline and is identical with quartz. Microscopic isolated 
quartz grains that crystallized after deposition of the limestone have 
also been enlarged or entirely derived by crystallization of silica that 
was originally deposited in an amorphous condition. 

Newly formed microscopic feldspar crystals have also been found in 
several limestones and dolomites, including some of those described in 
this report. The soda lime variety, plagioclase, is the more common, 
but the potash variety, orthoclase or microcline, has also been noted. 
Some of the feldspars, like the qusrtz, are clearly enlarged sand grains, 
but others have been entirely formed subsequent to deposition of the 
limestone. These newly formed feldspars are found both in unaltered 
limestones and in the recrystallized or marbleized varieties like those of 
North Carolina. 

Mica, like feldspar and quartz, may be represented by original and 
secondary grains, but, owing to the ready deformation and minute sizes 
of the grains in most limestones, it is difficult to determine their mode 
of origin. 

Pyrite (iron disulphide) is commonly present in minute grains, which 
constitute only a small fraction of 1 per cent of the limestone. Locally, 
however, it is rather abundant, and ruins the stone for several uses. 
* Its origin in such small quantities is obscure, but may be attributed to 
reduction of iron sulphate to sulphide by the decaying organic matter 
derived from marine life. In some rather recently found limestones, 
like those of the Coast Plain, iron disutphido may be present as the 
mineral marcasite, which readily oxidizes on exposure to the weather; 
but in the older limestones of the Piedmont and mountain regions it is 
present as pyrite. Pyrite also oxidizes after more prolonged exposure, 
especially where both water and oxygen can attack it, and in many of 
the limestones described in Part II it is partly or wholly changed to 
the hydrated oxide, limonite. 
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During the recrystallization of limeatone or dolomite into marble, the 
impuritiee present may combine with the lime or magnesia and crystal- 
lize into a number of eilicate minerals of vrhich the following are the 
more common in North Carolina : 

Tremolite, a white to gray Bilfcate of magnesia and Itme. 
Actlnollte, a green silicate of magnesia, Iron, and lime, with or without 
flome iron. 

T&le, white to gray hydrous eiltcate of magnesia. 
Serpentine, a green hydrous silicate of magnesia. 
Epldote, a green liydrous silicate of lime, alumina, and Iron. 

At or near contacts with intrusive igneous rocks these and other min- 
erals in metamorphoaed limestones may owe part of their constituents 
to material which emanated from the intrusive rock and invaded the 
limestone for a varying distance. 

One specimen of high calcium limestone from Hewitts, Swain County, 
when dissolved, left a residue containing considerable fluorite (calcium 
fluoride). The origin of this mineral or the source of the fluorine in 
it is not clear, hut fluorite is generally r^arded as a secondary mineral. 



Lime, calcium oxide, is the residue left after burning limestone at a 
temperature of about 900° C. or 1662° F. to drive off carbon dioxide. 
The chemical reaction is as follows : 

£im«*taiu or Carbon • Limt sr Oai- 

Oolcdtm OaTbanatt Dioxid* cUtm OxUt 

CaOO* = ecu + CaO 

The term lime in commerce includes the residue left by the burning 
of dolomite or magnesian limestones, which is a mixture of lime (cal- 
cium oxide) and magnesia (magnesium oxide). The chemical composi- 
tion of lime is designated as high calcium lime, low magnesium lime, or 
high magnesium lime, whose ranges in composition are as follows:' 



High calcium lime to 6 

Low magnesium Itme 5 to 2G 

High magnesium or dolomltlc lime.- ... . . .26 to 46 

High calcium lime is made from stone containing more than 03 per 
cent calcium carbonate; low magneaium lime from stone containing 7 
to 27 per cent m.agne8ium carbonate; high magneaium or dolomitic lime 

'Emlaj, W. E„ Bonrea, minnfictnn. tsd au of lims: UlnerBl Reioarcei of Dnlted SMta, 
IBIS, Put II, p. IGES, 1014 C S. Oeologiul Sorrey. 
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from stone ranging from 27 per cent to a theoretical maximum of 43.7 
per cent magnesium carbonate, although a small amount of tiiis is re- 
placed hj iron carbonate. 

The importance of lime in chemical industries and agriculture is due 
to the readiness with which it enters into a number of chemical reac- 
tions and to its cheapness. In the building industry its usefulness is 
due to its ready combination with water to form slaked or hydrated lime 
according to the reaction. 

Limt Water Bytrattd Lime 

CaO + H20 = Ctt O'HS 

Magnesia under certain conditions also forms a similar union with 
water, but this reaction does not take place in magnesian lime as ordi- 
narily burned and slaked. The proportion of water necessary to slake 
lime, therefor^ depends upon the amount of magnesia present, an im- 
portant point in the use of lime. 

Hydrated lime, when exposed to the air, gradually exchanges it« water 
for carbon dioxide, which it extracts from the air, according to the 
leactioQ. 



Thia reaction, called the setting of lime, results in the return of the 
lime to the form of carbonate, the chemical state in which it originally 
existed. As this change is accompanied by considerable shrinkage 
proper quantitiea of sand, hair or other fiber are added to prevent 
cracking. 8 

Texture of Limestones — The term texture refers to the size and ar- 
rangement of the constituent particles of a rock. A rock may be fine, me- 
dium or coarse grained. If the grains are of microscopic size the rock is 
commonly called dense; but the word has also been applied to well com- 
pacted rocka of relatively coarse grain. The term microgranular, 
though cumbersome, is less confusing. The distinction between these 
dt^rrees of granularity is necessarily arbitrary. 

Texture is also influenced by the degree of consolidation. Kecently 
formed deposits of marl are of soft earthy texture; the partly consoli- 
dated deposits of shell rock are loose textured or friable. Both ere porous, 
finely porous if the pores or interstices among grains are invisible, 

■A thoronKh dlienaion of tba bnrnlng. ■lalciDg, and uttinE of lime irould corer sarerftl 
pafH. For ■ (en«ral diseouion tha raider li raferred lo Emia)', W. B., Tts manufacture 
of lime: Bureau of SUndarda Technical Paper No. IB. 1918 ; alio Uiuaral Rwiurcee of the 
tJutted BUteih ISIS, pp. 16SS-1593. Special aubjecta are diicuiaed io the tranaw^tiona of 
tbe National Lime Mannfaoturera, and ia Bock FrodaOa. 
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coarsely porous if they are readily noticed. Rocks composed of frag- 
ments of shells or corals, or fragments derived from the erosion of other 
rocks have fragmental textures, whereas those whose grains are welded 
together hy crystallization have crystalline textures. If the fragments 
or crystals show Little or no variation in size, the rock is even grained, 
otherwise tmeven grained. In some rocks of uneven grain, crystals or 
grains of relatively large size are scattered through a groundmase of 
uniform grains, and the texture resembles the porphyritic texture of 
granite and other igneous rocks. The term porphyritic is best reatricted 
to igneous rocks, however, and the texture in question may be called 
porphyroid or pseudoporphyritic* All or nearly all these textural fea- 
tures may be present in a single rock ; thus, the shell rocks of the Coastal 
Plain are a coarse or £ne, even or uneven grained, fragmental, porotu, 
friable rocks. The limestones in the Piedmont and Mountain r^ons 
are coarse or fine, even or uneven grained, crystalling non-porous, well 
compacted rocks. 

There is no sharp teztural difference between limestone and marble^ 
as all gradations may be found from partly consolidated material to 
thoroughly crystalline rocks that take an excellent polish. Qrannlar 
crystalline limestonee which lack this distinctive property of marble 
contain small empty interstices or consist Iar|pely of minute irregular 
grains of ontwinned calcite, some of which may preserve the organic 
structure of original shell fragments, whereas marble is free from such 
interstices and consists of more uniformly crystalline interlocking 
grains.^*" 

Structure of the Limestone. — The term structure applies to featuree 
of a rock mass or formation as a whole rather than to its constituent 
particles. It includes original features, as well as those developed sub- 
sequent to the rock's formation. Oripnal structures are mainly features 
of bedding. If a limestone were deposited under conditions which re- 
mained uniform for a long time, bo that httle or no variation in bedding 
or stratification is apparent it has a massive structure; if lines of bed- 
ding are visible several feet apart, it is thick bedded; if alternations in 
conditions of depositon took place, so that layers or strata from a few 
inches to 1 or 2 feet thick are separated by material of different char- 
acter or by planes of weakness, the rock is thin bedded. In many thin- 
bedded limestones the planes of weakness or parting contain very thin 
layers or mere films of shaley or clayey material, showing that deposi- 
tion of limestone had ceased temporarily and that a small quantity of 

•An eicellent lllQMnillcm ol 
Uu*. >nd Coon.: BnU. U. L __....,_ 

■•Dala, T. K., Tha cMamerolal marblef of veAeni Vennont: V. B. Ok*, f 
pp. 11-IZ, 1612. 
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mud or clay deposited in its stead, these conditions alternating during 
the formation of the entire rock. Where the movement of waves or 
currents varied, sometimes permitting deposition of fine and sometimes 
of coarse material, the resulting rock is well stratified in contrast to the 
massive rock. If the direction of currents shifted, eroding channels 
which later became filled with sediment, the newly formed layers bev- 
elling the eroded ends of older layers, the resulting rock is cross bedded. 
If changes during deposition are marked by layers of different color, the 
rock has a banded structure. 

These original structures are quite as important as textnres in de- 
termining the commercial value of a limestone. The most promising 
marbles of the state owe their commercial qualities mainly to thick- 
bedded or massive structures, accompanied by attractive banding. 
Cross bedding is not conspicuous in those rocks, although it is present 
in some of the shell rocks of the Coastal Plain and is an attractive fea- 
ture in such famous rocks as the marble of eastern Tennessee and the 
limestone of the Bedford-BIoomington district, Indiana. Thin bedding 
and abundance of shaley partings may ruin a stone for building pur- 
I>0se8 and lime burning, and in extreme cases even for crushing. 

Secondary structures are mainly due to forces of compression or strain 
within the earth, which have acted upon rock masses and deformed 
them to a greater or leas degree. The most prominent structures in the 
rocks of western North Carolina are due to forces acting in a generally 
horizontal direction, which have so compressed them that they have a 
series of folds or arches and depressions technically called anticlines 
and synclinea. The beds of limestone which originally lay nearly hor- 
izontal, as those in the Coastal Plain do today, now lie at various angles 
to the horizontal. Throughout the Appalachian r^on the thrust of 
these forces was so great in a northwestward direction that in many 
places the folds were overturned in that direction and were even broken, 
the eastward part of the fold being overthrust upon the western part 
for considerable distances. In some places, however, as the northern 
limestone area in McDowell County, the overthrust was eastward, and 
in a few places, aa at Woodlawn and Hot Springs, it was nearly cir- 
•cular, thrusting rocks from all directions upon a central mass. The 
planes along which this overthrusting took place are called overthrust 
faults, the term fault applying to any fracture or fissure along which 
movement has taken place, so that portions of a stratum or bed of rock 
on opposite walls are no longer in alignment. 

During such tremendous deformation, Assuring or jointing was also 
developed, the degree of Assuring depending largely upon the character 
of the rock. Rocks composed mainly of calcite can adjust themselves 
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more readily than tte other eonunoa rocks hj recrystalUzing under 
slowly applied, heavy pressure. While recrystallizing under this cou- 
dition the rock acts like a plastic body and flows, or readjusts itself, 
without fracturing. Pressure more quickly applied, however, will pro- 
duce fractures. Dolomite possesses this property to a less degree, and 
where beds of rock composed essentially of calcite alternate with dolo- 
mitic beds, the calcitic beds may he free from serious fracturing, but 
the dolomitic beds so intensely fractured as to be useless for marble or 
building stone (see fig. 1). It is significant that the only successfully 
developed marble quarry in the state is in high calcium, or calcite 
marble. 

Fracturing to a greater or less degreealso took place at times subse- 
quent to the period of intense folding and overth rusting, due to less 
intense compression, to expansion of the rocks upon relief of compres- 
sion, and to vertical uplift. Vertical uplift which has brought the 
coast plain deposits above sea level without appreciably tilting them is 
the only major force that has acted upon the marls and shell rock in 
the eastern part of the state. These formations have doubtless devel- 
oped joints through contraction which accompanied the gradual and 
partial loss of water.' ^ 

Weathering of Limestones — The latest natural process that has affected 
and still is affecting the limestones of Xorth Carolina is that of ero- 
sion, which has reduced them to their present forms. Calcite, although 
only slightly soluble in pure water, is more soluble in rainwater contain- 
ing a small quantity of carbonic acid, and very appreciably soluble in 
water that has become acid after passing through and leaching the 
decaying ve^tahle matter in soils. Dolomite is less readily soluble than 
calcite under these varying conditions, but both minerals are much more 
quickly dissolved than quartz and the silicate minerals which are the 
main constituents of the rocks associated with the limestones and dolo- 
mites of North Carolina. If the rocks are much fractured or contain 
many open bedding plains or partings they can be much more rapidly 
permeated and attacked by the acid waters. Changes in temperature 
by causing rocks to expand and contract repeatedly, weaken the cohe- 
sion of the grains, and widen small fractures or joints, permitting the 
access of films of water and further hasten tlic dissolving process. The 
freezing of these films of water in winter also tends to pry the grains 
and rock fragments apart. The particles thus loosened, as well as any 
grains of quartz, feldspar, mica, or other minerals that may be present 

■ipoT tnrther diicDalan of Uie rtn 
to tb« folioc Norn. 116, 12*, 14S. kD 
Arthur Keith, IT. B. Oeolaciul 8ani 
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in limestone, are washed into streams and rivera, rapidly where slope? 
are steep, but with extreme slowness where they are nearly horizontal. 
On steep slopes, therefore, bare rocks may be continually exposed to- 
weathering until the slopes have been greatly reduced. In gently slop- 
ing areas, the rock may be dissolved or decomposed faster than the 
loosened grain ean be worn away, and a residual soil accumulates. The 
residual soil over limestones consists only of the insoluble impurities 
that were in the limestone supplemented by the insoluble remains of 
rocks that formerly overlay the limestone. It contains no calcium 
carbonate or lime capable of counteracting the acidity of soils and is 
as much in need of agricultural lime as are other soils. 

The process of weathering in limeatone continues down to slightly 
below the level of permanent ground water level. Below this level the 
acidity of the water has become exhausted. Where limestones are ex- 
posed in areas above the valley bottoms, the residual soil may be seen 
to extend downward for a short distance and to be followed by a series 
of limestone pinnacles separated by soil-filled chasms, frequently called 
mud Beams. These chasms are enlai^ged fractures whose walls have been 
dissolved away by groundwater. They taper downward and at or slightly 
below groundwater level pass into ordinary fractures or joints. Mud 
seams are present in marl quarries as well as in those of hard limestone. 
In valley bottoms, where ground water level is very close to the sur- 
face, the pinnacles have been dissolved away and the mantle of residual 
soil rests directly upon a continuous flat surface of limestone. 

The processes of weathering continued through thousands and even 
millions of years have brought about the present forms of mountains. 
Where an arched or tilted bed of limestone bertween masses of less 
readily weathered rock has been worn away a depression or valley has 
resulted, as illustrated by the limestone formations in Cherokee and 
Swain Counties (PI. II), in Lincoln and Cleveland Counties (PI. 
IS), and by the dolomitic limestone in McDowell County (PI. VII). 
The development of these and other valleys had not progressed to com- 
pletion, and it is where portions of the limestone still remain along the 
slopes of these valleys that the beat quarry sites are to be found. Only 
a very small percentage of the total limestone area in the state affords 
the best quarry sites. Other sites are available in broad flat valley bot- 
toms, but the stone lies mostly, if not wholly, below ground water level, 
and the quantity of water that must be pumped may be a critical factor 
in determining the successful operation of a quarry. 
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PAKT n 
LIMESTONE IN WESTERN NORTH CAROLINA 

UTTBODUCTIOir 

The limeatonea of the Piedmont Plateau and the Appalachian Moun- 
tains are found in Buncombe, Cherokee, Clay, Cleveland, Henderson, 
Transylvania, Macon, Madison, Mitchell, Gaaton, Catawba, Jackson, 
Lincoln, McDowell, Yadkin, Swain, and Stokes Counties. According 
to the accompanying map (PL I), these limestones in part form 
elongate areas of considerable siz^ and in part linear groups of com- 
paratively small lenses. Most of these areas (all except that at Hot 
Springs) lie along valleys and are so thoroughly concealed beneath soil 
that their limits have been determined only by very detailed surveys. 
The local geologic maps in this report, all of which are copies of 
published or unpublished maps of the U. S. Qeological Survey, thus 
indicate considerable areas of conc^Ied limeetone, although only a few 
scattered exposures are present. 

fiEOLOeiC DISTBIBUnON 

These areas include several different formations ranging in age from 
Archaen, the oldest rece^nized age in the earUi's history, to late Cam- 
brian, which though the latest age represented in North Carolina is the 
earliest of those whose geologic history has been very definitely re- 
corded. The most extensive limestones of the country belong to several 
ages which successively follow the Cambrian and are represented in the 
neighboring States of Vii^nia, "West Viri^nia, Tennessee, Georgia, and 
Alabama. 

The following are most of the recognized geologic formations in 
North Carolina as correlated by Arthur Keith. The oldest formation 
is at the bottom, with those containing limestone especially designated: 
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so L1MBSTONX8 AND IKfABLS OF NOBTH CaBOUSA 

The fact that masses of the Shad; limestone and its approximate 
equivalent, the Murphy marbl^ are present in widely separated coun- 
ties, shows that they are the uneroded remnants of extensive forma- 
tions that were once continuous over a great part of the present moun- 
tain r€^on. The other limestones were also doubtless once more exten- 
sive than their present metamorphosed remnants, but probably are not 
continuous. The most extensive limestone formations of the Appala- 
chian region include the Shady limestone, Knox dolomite, and several 
formations younger than the Athens shale, which probably once ex- 
tended over western North Carolina, but have been entirely removed 
by erosion. 

Although other facts of scientific interest may be deduced from the 
foregoing table there is little of practical importance to be gained from 
it,, so far aa economie geology of limestones is concerned. In some re- 
gions differences in chemical composition of the limestones of different 
ages may render distinction of their respective ages of considerable im- 
portance. In North Carolina, however, high calcium and high mag- 
nesium beds, the latter predominating, are present in each limestone 
formation, and as the structure in each area la complicated and more 
or leas obscure, it ia not aafe to predict the kind of limeatone that will 
be found at any locality. Each quarry site requires careful prospecting. 
Tor this reason the limestones will be considered in geographic rather 
than geologic order. 

eEOeRAPHlC DI8TBIBUTI0N 

Cherokee, Gaj, Hacon, and Swain Countlea 

Genzbal Dbbceiftioh of thb Murpht Masbles awd Adjacbnt Bocks 

The most extensive of the limeatone and marble formations in the 
state is that designated the Murphy marble (PI. II), which forms a 
narrow band extending northeastward almost continuously from Geor- 
gia along the valleys of Nottely and Valley rivers for nearly the entire 
length of Cherokee County. After an interruption of a few miles it 
reappears along the valley of NantahaU River in Swain County from 
Nantahala to Hewitts, where it pinches out. It is named from Mur- 
phy, county seat of Cherokee County, which is partly situated along 
its most continuous area. It also forms a group of narrow areas in the 
vicinity of Braastown and Peachtree, east of Murphy, in Clay County. 

The following description is given by Keith :'2 

Character — The formation consists entirely of marble, rather fine grained 
and wholly recryatalllwd from Its original condition. The predominant color 
is white. A large portion of the marble U of a dark-gray or bine color and 

>*K«itb. Arthut, t7. B. OeoL Burrs; Geol. AUaa, NanUhala folio, No. 14S, p, S. 190T. 
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LiuEaxoNxg AND Uasls of North Caboliha 31 

man? lajen consist ol banded or mottled blue and white. Some of the layera 
between Nant&hala and Red Marble Gap have a beautiful roee-iilnk color. 
The amoDDt ot this la limited, however. Except Iheae variations in color 
and small changes In the coarsoneaB of the grain, the formation is very 
uniform In this region. The base of the marble la almost always covered in 
this region, and the precise character of Its contact with the underlying rocks 
can be seen only near Nantabala River. There It passes downward Into the 
Valleytown formation by Interbedding with the elates of the latter. Upward 
it passes into the Andrews schist through several feet of interbedded marble 
and schist. This transition can l>eBt be seen at Marble Creek, at the western 
border of the quadrangle. • • • In various analyaea of the marble ita composi- 
tion varies from 68 to 93 per cent of carbonate of calcium and from 36 to 
3 per cent of carbonate of magnesium. Accordingly the original strata In- 
cluded both limeetone and dolomite. 

Thickness — Such measuremeiits of the formation as can be obtained place 
the thickness at nearly &00 feet. The best measurements are southwest of 
Tomotla, where the formation stands nearly on edge and so continues for a 
long distance toward the southwest. Between Marble and Valleytown the 
marble spreads out over large areas. This Is caused in part by the flattening of 
the dips and In part by the extreme crumpling and retietltlon of the layers. 
Instances of both attitudes of the marble beds can be seen in various quarries 
and openings. Along Nantahala River the formation thins down to about 
leo feet. 

Atteration. — Originally the marble consisted mainly of massive layers of 
limestone and dolomite, with the latter more frequent In the lower portion 
o<t the formation. With Its base were interbedded argillaceous shales and with 
Its top calcareous shales. During the metamorphiem of the fonnaticms the 
carbonates of lime and magnesia were recrystalUzed with no considerable 
change of form. The argillaceous materials were for the most part trans- 
formed Into various micas ami other silicates forming the Bchlsts. Still 
other silicates were developed through the maes of the rock, such as tremo- 
llte and garnet; their formaition involved the addition of silica to the mate- 
rials already in the rock. They are disseminated through the formation 
ntther sparingly and also are concentrated into definite beds of the marble. 
The tremolfte appears crystallised In radiating bunchy, with no apparent 
relation to the schlstosity of the adjoining rocks. It seems probable, there- 
fore, that It was of later formation than the other minerala Tremollte also 
appears crystalllied In the same manner In the talc bodies which are found 
In the marble. Garnet is of much less frequent occurrence than the tremollte 
and Is found In only a few places In the lower parts of the formation. The 
same layers which contain the garnet also carry pyrite In small grains. This 
mineral is found in diaaemlnated grains In other layers as well. 

In the upper layers of the formation, where the marble passes into the 
Andrews schist, many crystals of ottrelite are actuttered tbrotigh the beds 
of marble. This mineral is characteristic of the overlying schist. Hesldes 
the alternating beds of marble and schist near the contact, there Is present 
nearly every gradation between the ottrellte-achlst and the pure marble. The 
ottreilte crystala are arranged with their cleavage at right angles to the 
general schlstosity of the rock wherever that la present 
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Other depoBlta ocurrloK In the marble are layers of talc, the hrdrona sili- 
cate of majEnesla, which are mined throughout their course In this state and 
m Oeorgla. These appear at frequent Inteirals near Nantahala and Valley 
rivers. In the southern areas of the formation, on Feachtree and Brasstown 
creeks, no talc deposits have thus far been discovered. The principal develop- 
ment Is in the vicinity of Hewitts on Nantahala River. Near Marble they 
also become prominen-t aod appear at frequent Intervals toward the south- 
west The talc occurs In the form of lenticular bodies embedded in the 
marble. They are from a few Inches up to 6 or S feet In thickness and the 
largest are over 100 feet long. Few attain that size, however. They appear 
to be of a secondary nature and have been produced during the metamor- 
phism ot the formations. Small bits and flakes of taic are found at many 
places, but they are too lenticular Jn shape and distinct from the marble. 
The lenses of talc are not confined to any one situation In the marble, but 
appear at several dlatlnot levels. In association with the talc deposits are 
often seen beds of calcareous sandstone. These have no definite relation to 
the talc, however, and are not always present. 

Owing to the highly aoluble nature of the Murphy marble Its course Is 
always marked by valleys. Where the formation spreads out along the upper 
part of Valley River It has caused the series of broad valley bottoms which 
have given the river Its name. Outcrops of the marble are scarce and are 
seldom found away from the sharp stream cuts or the steep elopes. In the 
bottom lands near Andrews and thoee along Peachtree Creek the marble may 
be found at almost any point by digging through the few feet of stream 
gravels which form the surface. As a consequence of this solubility it has 
no soils of Its own, and those which overlie Its areas consist almost entirely 
ot nxaterlale washed in from other formations. The rock Itself when found 
li not affected to any depth by the weather. 

The Yalleytown formation, which underlies the marble, consists 
mainly of mica-schist and fine-banded gneiss, but in the ^tTantahala 
valley these paaa into mica-slate and feldspathic sandstone. The An- 
drews schist, which overlies the marble, is a thin-bedded calcareous rook 
apangled by crystals of the black micaceous mineral ottrelite whose 
fiakea lie at right angles to the foliation. The Andrews schist, which 
has largely weathered to soil, forms small terraces 10 to 30 feet in 
height above the marble areas. This formation is absent in Nantahala 
valley and the Nottely quartzite, which overlies it, ia there found 
forming the upper contact of the marble for part of its extent. Else- 
where a profound fault has brought up the Nantahala slate to form the 
southeast boundary of the marble. These structural relations are shown 
in (PI. II). 

Adaptabilitt 
Monumental and Building Stone. — The adaptability of the stone for 
use as marble has been discussed by Keith'^ and by Watson and 
■Vp. <rit. p. 7. 
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Laneyi*, to whose reports the reader is referred for detailed discti»- 
eion. Their general comments may be summarized aa follows : 

Marble has two principal colors, white and blue. The blue stone is 
for the moat part mottled or banded with white. What is probably the 
largest body of white marble is in the bottom lands of Valley River 
below Andrews. An exceptional color and one of great beauty is the rose 
pink exposed just north of Topton (Bed Gap). The grain of the marble 
is for the moat part uniform and medium to £ne and does not appear to 
be changed by transition from one color band to another. Thin layers 
of micaceous minerals where present cause a slight Bchistosity, but do 
not seriously a£Fect the strength or quarrying of the rock. Near both 
its contacts the marble is very impure, containing tremolite, talc, and 
in some places considerable quartz. Away from the contact it is very 
free from most impurities, although it does contain more or less pyrite. 

The objectionable feature to the marble as a whole b the abundance 
of joints, or fractures. According to Laney^" there are everywhere 
two systems of jointa that trend N. 20°— 35° E. and N. 30°— 70°W. 
respectively, and in which the joints are from one inch to a few feet 
apart. Besides these two systems there is in moat places a third and in 
some a fourth system of subordinate joints. 

The thickness of soil overburden in general is from 4 to 15 feet. 

Although several quarries have been opened in this marble area, 
only one has been continuously operated. The main features of some 
of these quarries will be considered on pages 36-48. 

Other Uses. — The presence of both high calcium and high magnesium 
stone, as shown is analyses Nos. 1 to 15 on page 149, implies that ma- 
terial is available for most or all of the industries requiring lime in any 
form, and the fact that only small quantities of stone have been shipped 
for others uses than marble is largely due to remoteness of the marble 
area from industrial centers and sources of fuel supply. Of the IS 
analyses, Noa. 1 and 15 represent high calcium rock low enough in silica 
to make excellent flux. There is little doubt that much of the waste rock 
at the Begal quarry is also excellent for this use. Nos. 6, 7, 11 and 12 
represent high magnesium stone low enough in silica to be used as flux. 
The fact that only 6 of 16 analyses show silica within the requirement 
(2 per cent) signifies the necessity of care in the selection of stone for 
flux. 

"WkUon, T. L. sDd Linear ^- B., BotMinf and oraanieDliI stoau of North OuoUna: 
North CirollDi OratogiMi Surrq' Bnil. 2, pp. 1S2-200, 1904. 
>*0p. eit p. ISS. 



Digitized byGoO^le 



84 LitnsTOHZs and Makls of Nobth Gaboliita 

The qualities of stone from different parts of the area for road build- 
ing are shown in the first six tests recorded on page 149. Three of these 
are somewhat below the average for the limestones of the State. Dolo- 
mite from Hewitts shows the best results as regards per cent and co- 
efficient of wear, and has a relatively higb cementing value, thou^ its 
hardness and toughness are comparatively low. 

Five of the 15 analyses on page 149 show a magnesia content low 
enough to meet the requir^nents for Portland cement. Further thorough 
prospecting is necessary, however, to prove the presence of high calcium 
rock free from interbedded dolomite and in sufficient readily available 
quantity to furnish a continuous supply to a modem cement plant. 

AH the analyses except Ifo. 14 show that the stone in general is of 
suitable chemical composition for the manufacture of lime for building 
purposes, but attempts to bum lime havo shown that some of the rock, 
notably a high calcium stone at Hewitts, discolored during burning. 
The burned lime would doubtless be suitable for several chemical uses, 
but for certain uses the percentage of "insoluble," or of silica, alumina, 
and iron oxides, and of magnesia are with few exceptions too high. 

LocAi, Dbscbiftiors 
Southwest or Hdbpht 

Southweetward from Miirphy the marble forms a narrow band along 
Nottely River, outcropping at very few places, and for the most part 
concealed beneath the narrow low flats bordering the river, where drain- 
age conditions are prohibitive for the opening of quarries. Perhaps the 
most prominent exposure is at the Sinsey quarry, close by Kinsey sta- 
tion on the Louisville and Nashville Railroad. This quarry was opened 
in 1901 and was described by Laney^^ in 1906, as an excavation about 
100 feet by 80 feet in area and about 50 feet de^, partly filled with 
water. This description still applies, as little or no quarrying has be^i 
done since that date, altliough some stone, presumably the blocks of dis- 
carded marble mentioned by Laney have been sold for furnace flux. 

The marble here has the usual steep southeastward dip, and the 
quarrying followed a bed, now concealed beneath water, as far as the 
railroad's right of way. The footwall is strongly slickensided. The 
stone was described by Laney as rather coarsely crystalline and mostly 
of dark blue gray color more or less mottled or streaked with white, 
although much of it was light gray and a few blocks showed a pinkish 
tinge. The general character of the stone was so similar to that at 
Regal, northeast of Murphy, that no samples were taken for analyses. 

"WatwD, T. L. iDd Lunar, '- B, op. cit. pp. 194-195, 
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Joints were so numerous that it was impossible to get enough solid 
stone to warrant Operating the quarry for marble. The overburden 
was 8 to 12 feet thick. The character and structure of the stone were 
apparently satisfactory for production of flus and crushed stone, al- 
though the silica or insoluble content (analyses 2, 3 and 4, page 149), 
was a little high, but the quantity above water level was not sufficient to 
warrant much outlay of capital for quarry equipment. 

Just south of Kinsey station on •the southeast side of the track is 
another old quarry, in which only two small exposures remain uncon- 
cealed by the washing down of red clay soil from the overburden. 
These exposures are of fine grained but well crystallized dolomite of 
pure white color except for occasional short faint dark colored lines, 
evidently due to finely divided graphite. A qualitative analysis shows 
the presence of a small amount of iron carbonate but an almost entire 
absence of insoluble matter. Those exposures are very well situated as 
r^ards transportation, but considerable development work is necessary 
to re-expose the quarry face and determine the thickness of workable 
stone and of overburden in the surrounding heavily wooded area. The 
exposures are too much jointed to give promise as marble^ but the stone 
is well adapted for chemical uses which require high magnesium stone 
free from silica. 

About one-half mile southwest of Kinsey marble of rather fine grain 
and dirty white color is exposed in a small railroad cut but contains so 
much tremolite, talc, and quartz in short veinlete and irregular patches, 
and pyrite in disseminated grains, that it is not adapted for any use 
except perhaps inferior crushed stone, and rip rap, and it is too far from 
any market to be considered for these. 

An abandoned quarry opened in 1901 or 1902 at Culberson near the 
Georgia boundary was described by Laney.^' The quarry, close by a 
small stream was full of water and no stone could be seen in place. Soil 
overburden was at least 4 to 7 feet thick. Files of marble blocks, ren- 
dered worthless by abundant intersecting joints, lay around the opening 
and showed the etone to he of rather uniform medium grain and of dark 
to light streaked or mottled bluish gray. This description, like those of 
the openings at Kinsey, suggest that the stone is suitable for flux and 
other chemical uses, provided it can be economically quarried ; but there 
is practically no likelihood of finding a favorable quarry site between 
Kinsey and the Georgia boundary. Au analysis of the rock is given in 
column 1, page 149. 

About one-half way between Kinsey and Murphy Wottely River bends 
northward and leaves the marble band, which extends northeastward 
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along a minor valley and crosses a lovr divide 300 feet atMve the level 
of the river. It is possible that self-draining openings could be made in 
this part of the marble formation, hut the stone is so thoroughly con- 
cealed, even in this high ground, that no idea of the amount of stripping 
and character of the stone can be learned without development work. 

NoBTUEAST or Hdbfht 

Regal Marble Co. — From Murphy northeastward nearly to Tomotla 
the marble continues as a straight narrow band, almost entirely conceal- 
ed beneath soil, but containing the only active marble quarry in the 
State. This is the quarry of the Regal Marble Company, at Regal 
Station, three and one-half miles northeast of Murphy. The quarry <vas 
described by Laney^^ in 1906, when it was operated by the National 
Maitle Company. 

This quarry was opened in 190S and when visited by Laney had hard- 
ly passed the exploratory slage. A small production was made in 1903 
and 1904, but none in the following 3 years. In 1907 the quarry was 
taken over by the Casparia Marble Co., which produced steadily until 
1913, when it was succeeded by the Kegal Marble Co., which has pro- 
duced steadily up to the present time. 

In 1918 the total quarried area was more than 250 feet long and 
about 75 feet wide. The northern two-thirds of the ar^a had been 
abandoned and filled with water to within 25 feet of the surface. Pump- 
ing, quarrying, and milling machinery were operated by steam power. 
The quarry equipment included 4 derricks, 4 chennelers, and 2 gadders; 
the mill equipment 7 gangue sawe. 

According to Laney the mai'bje band here has a width of about 300 
yards, the beds striking N 46° E and dipping about 50° SE. The stone 
seen in the quarry, mill, and dump is prevailingly dark bluish gray, 
in part more or less streaked or mottled with white, and light gray to 
white. I't is on the whole rather coarse grained and has on close examina- 
tion a rather distinct schistose structure. 

The dark bluish gray variety is seen on close inspection to consist of 
blending bands of dark and medium shade, the former of coarser grain 
and predominating to such an extent that small blocks of uniform dark 
shade may be obtained. Small rod-shaped crystals of tremolite up to 
one-quarter of an inch in length and small grains of pyrite are very 
thinly scattered. In thin section the schistose structure is more pro- 
nounced, and one eection showed a few short sealed fractures in two 
systems at 30° and 60° respectively with the plane schistosity. Mem- 
bers of a single fracture system were two or more millimeters apart. 

"WktMD. T. L., RBd Lanay, F. B,, op. tit. p. 1S5. 
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The prominent elongate calcite grains are mostly one millimeter or less 
in length, though, a few attain lengths of two millimeters, and practi- 
cally all grains show multiple twinning in one or two directions. The 
pyrite grains seen in thin section were one-half millimeter in diameter 
and free from oxidation. The dark coloring matter was collected as an 
insoluble residue and proved to be graphite. It mostly forms wavy 
rows of specks along the boundaries between calcite grains, but a few 
calcite grains are somewhat impregnated with it. Examination of the 
insoluble residue of a dark gray specimen found no other impurity be- 
sides graphite, and a qualitative test showed the soluble part of the rock 
ti^ be free from iron. 

A prominently banded specimen proved to consist of light gray layers 
one-half to three-quarters inch thick, separated by a one-inch thickness 
of alternating white and dark gray strips, each one-sixteenth to one- 
quarter inch thick. Many such variations in detail may be found be- 
tween the dark variety described in the last paragraph and the light 
gray. Occasional small crystals of amphibole, presumably tremolite 
coated with graphite, are present in the dark layers, and one green rod- 
shaped crystal of actinolite, nearly an inch long, was found in a white 
layer. This was the largest crystal of any impurity noted in the salable 
stock or the waste pile, although impurities in greater quantity are 
present along both margins of the deposit. In a thin section of the 
banded variety the marked schistose structure is confined to the dai^ 
graphitic layers, in which few calcite grains exceed a length of one-quar- 
ter millimeter. The light gray layers are composed of larger irregular 
but for the most part rounded grains, the more prominent averaging 
one millimeter in diameter. The larger grains inclose, or partly inclose, 
several small round grains, most of them less than one-quarter milli- 
meter in diameter, which are probably dolomite. Both the large and 
small grains show close multiple twinning. 

The light gray to white variety conforms on the whole to the descrip- 
tion of the light gray layers just given. Examination of the very small 
insoluble residue of nearly pure white specimen showed a few minute 
grains of quartz and bale, hut a qualitative test of the soluble portion 
shows no iron, though considerable magnesia. The light gray stone seen 
by Laney was on the whole fine grained and schistose, but this variety 
was not conspicuous in 1918. The fine grained stone was said to be 
injured to a considerable extent by shearing strains which developed 
planes of weakness along the scbistosity and fractures in transverse direc- 
tions, rendering the stone worthless for marbla Laney's statement that 
these defects are characteristic of the fine grained light colored stone 
of the whole marble area is confirmed by the writer who adds that the 
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fine graioed light colored stooe so far as tested u rery dolomitic The 
tendency of dolomite to fracture while calcite mait>le recryetallizeB 
without injury is a characteristic of other marble r^ons as well. 

A conspicuous feature, shown by several blocks both in the stock piles 
and the dumps, is the presence of short contorted Toins of white calcite 
Ijiug transverse to the bed planes of the marbia The simpler contor- 
tions are S-shaped and the more complex are irregular or distorted repe- 
titions of the simpler forms, (see Sg. 1). These veins were evidently 
formed prior to the intense folding and compression of the formation 
and their present contorted shapes are attributed to drag folding; that 



Fiarrni 1. — Allcrnabng bsdi of (a) nlmtiielr coaru gimiiwd culdtia siiil (b) rsUtiTsIr fins 
gTftlned dolomitic muble; tbe formar (ma (rois erldBDce of deformitiaa otfaer thui (ueinie 
Umclnre sad I. few ihart graphitic vainlsts brnncliiBg from irapbilic bed plaoea; the Isttar 
cut b]F <1) ihert vhita Teinleta of calcite, <3) abort cracks produced br compreulon aceom- 
puiled br onl]' ■ little iheiriiiK, and (8) F-ahapad fracturaa produced mainly by (haariag. 
Dnmp of Regtl Uarbia Oo., R«(al, N. 0. 

is the sliding of one layer of marble over another accompanied, by re- 
crystallization of both the mafble and the vein. The process was de- 
cidedly complicated in detail, some thin layers moving relatively in one 
direction while layers on both sides of them moved in the opposite 
direction. So far ae observed, these contorted veins are more numerous 
in the dark colored marble, which also is the more schistose. It is there- 
fore reasonable to infer that the greater tendency of the dark beds to 
slide over one another was due to the relative abundance of graphite 
in them. Some of these may add to and others detract from the appear- 
ance of the stone, but, owing to the thorough recrystallization during 
the process of deformation, do not detract from its strength or dura- 
bility. 

The same process served to ruin stone where beds of calcite marble 
alternated with finer grained beds containing considerable dolomite, as 
the dolomitic beds reerystailized less readily and were more readily 
fractured. On the dump one block which contained two dolomitic layers 
in which the prominent dolomite grains were mostly less than one-fiftli 
of a millimeter in diameter, showed three stages of deformation in thf 
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dolomitic layers, (fig. 2) : firat, a series of short craeta oblique to the 
bedding and filled with white calcite veinlets which ma; have formed 
at the same time aa the contorted veins deacribed in the preceding para- 
graph; aecond, short somewhat curved cracks unfilled and nearly nor- 
mal to the aides of the bed, evidently formed by a compressive stress 
which tended to thin and spread individual layers, the calcitic layers 
recrystallizing and developing a gneissic atructure while the dolomitic 
layers yielded to some extent by recrystallizing and to some extent by 
fracturing; third, a shearing streas, probably following as a continuation 
of the compressive stress, that caused the beds to slide or flow over one 






v\V 



another, the calcitie beds yielding as before by recyrstallization and the 
dolomitic beds fcy oblique /-shaped fractures which cut obliquely across 
the veinlets and fractures of the first and second stages and end a<t or 
just beyond the margins of the calcitic beds. 

Jointing or fracturing on a large scale is prominent and closely spaced. 
In the openings studied by Lauey^" there were three distinct sets of 
joints, the more prominent trending N 40° W and N 20° E. Joints in 
these seta ranged from a few inches to a few feet apart, usually two to 
six feet. The third set was subordinate but caused considerable waste 
in quarrying. In the present opening joints are less conspicuous. 
There are few solution channels or mud seams and small eaves, and 
these are mostly confined to the upper four or five channel leveb, wliich 
aggregate about 20 feet in thickness, though one small cave is exposed 
at the bottom of the pit, 20 feet lower. The walls of these upper leivels 
show many short, irregular fractures branching from the prominent 
joints, which extend below the bottom of the quarry. Some of the prom- 
inent joints dip about parallel to the beds (50°-60° SE) and others 
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about 40° SE, whOe another set dips about 50° NW. The strikes of 
tbese jointe could not be seen, but doubtless conform to the directions 
noted by Laney. Besides these comparatively straight joints, there are 
a few irregular fractures ranging from 1 or 2 to 50 feet or more in 
length. Some of these dip northeaatward, others westward at low angles, 
and still others are nearly horizontal. Water seeps along joints of all 
these systems, and water level in the abandoned pita is about 20 feet 
below the surface. 

The different periods of deformation to which the marble has been 
subjected may be summarized as follows: (1) fracturing and the filling 
of fractures with calcite veins previous to the period o£ metamorphism ; 
(S) folding or tilting and metamorphism, including recrystallization, 
with development of schistose structure and differential sliding or flow- 
ing of beds over one another, contorting the veins and producing local 
«ompreS3ion and shear fractures in the more dolomitic beds; (9) over- 
ihrust faulting, which was virtually a late stage of the folding period and 
was accompanied hy accessory jointing in different directions ; (4) one 
or more later periods of jointing; (5) minor fractures near the surface 
due to temperature changes; (6) enlargement of joints and minor frac- 
tures into erosion channels or mud seams by circulating water. The 
local evidence is insufficient for the exact correlation of different systems 
of joints with the third and fourth periods. The positions of all the 
joints noted are such that they could be tenatively correlated as frac- 
tures accessory to the great overthrusts of the region, but later earth 
movements may well have been responsible for some of them. 

The foregoing description is given in detail to serve as an example 
of the difHculties that must be contended with in the opening of quarries 
in this marble belt. Although joints at the Regal quarry are so close 
as to obstruct seriously the extraction of blocks large enough for mono- 
lithic columns, blocks large enough for sawing into sizes suitable for 
ordinary monumental work are readily obtained; but from 65 to 70 
jper cent of the stone removed is waste, owing principally to fracturing 
and in minor part to contorted veinlets. The stock sold is mostly in 
small sizes. Before the war it paid to work up all small pieces that 
could sell at slightly more than cost, but owing to the present high cost 
of operation much of the smallest sized stock cannot be handled. The 
output is shipped for monumental use to various states, a considerable 
quantity having gone to California. 

About 75,000 tons of waste rock were on the dump in 1918, Seme 
waste had been sold to the Tennessee Copper Mining Company, pre- 
sumably for flux, hut present higii freight rates have destroyed this 
market. General freedom from silica and iron (the pyrite present is prac- 
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tically negligible) adapts the stone, either crude or burned, for certain 
industrial and chemical uses in which small to moderate quantities of 
magnesia are not objectionable. The dark gray variety appears on the 
whole to have only a very small content of magnesia, whereas the light 
^ay variety, especially if fine grained, may be rather high in magnesia. 
The dark stone will yield burned lime suitable for building, agriculture, 
and many chemical usea, as well as the manufacture or refining of augar, 
paper (soda process), tanning, and other calling for a very pure high 
calcium lime; the unburned stone is suitable for flux, crushed stone, 
pulverized stone for agriculture, and other uses in which the dark color 
is not objectionable. The light gray stone ehould also yield good burned 
lime for building, agriculture, and certain chemical and industrial uses. 

Tomotlor Andrews Area. — From Tomotla northeastward to Andrews 
and Valleytown the marble belt ia considerably wider than to the south- 
west, and from Marble northeastward it averagea about three^uarters 
of a mile in width. Its area is marked by a broad valley only a few feet 
above drainage level and the stone is beneath 5 to 20 feet of soil and any 
quarrying would involve considerable pumping and the piling up rather 
than dumping of waste. Small outcrops principally in stream beds that 
cross the area and atone from prospects near Tomotla and Marble sta- 
tions are similar in color, texture, and occurrence to the varieties at 
Regal.^** The only chemical analyses available (Xos. 6-7, page 149) 
are of high magnesium or dolomitic rock, from the J. T. Hays property 
near Tomotla and the C. N, Hickerson place, lYz miles west of Andrews; 
but there is little doubt that high calcium rock is also present. The dip of 
the marble near Marble station is about 40° S£, and its greater width 
is due to folding and perhaps faulting which cannot be adequately 
studied from the few data available. 

The largest exposure in the whole area, a ledge 30 feet long, 20 feet 
wide, and rising 5 feet above the surrounding soil is found at the eastern 
edge of Andrews on the bank of the Valley River. It is described in 
detail by Laney.^^ The stone here is considerably coarser grained and 
less schistose than at any of the places to the southwest. The colors are 
light to dark bluish-gray, uniform in some places and mottled or atreaked 
in others. The microscopic features are similar to those of the atone at 
R^al, although schistosity is less prominent. Jointing, grouped in 
two systems, I^. 20° E. and N. 70° W. is much less abundant than at 
places previously mentioned. Other outcrops in the vicinity of Andrews 
and northeastward to where the marble pinches out are small and much 
fractured. 
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Fine-Gained dolomitic marble of white, bluiA gray, and mottled 
colors has been prospected by several drill holee at the Hickerson placo 
aoToas the river from Andrews Station and has been reported to be suf- 
ficiently free from fraotiireB to be considered for building purposes.'* 
It is represented by analysis No. 12, page 149. Pratt^^ helieves it prob- 
able that the stone represented by this analysis lies near a contact with a 
talc lens or with quartzite, since according to his observations all the- 
marble in the proximity of such contacts is of a dolomitic character. 
Laney'* describea the dark bluish gray rock as similar in every respect 
to the stone described in the preceding paragraph, and that several drill 
cores 5 to 7 feet long and entirely free from joints were obtained. 

All things considered, the broad valley area east and southwest of 
Andrews is a promising place for the development of a marble quarry. 
The colors of the stone, however, bring it into direct competition with 
the marbles of Regal and Tate, Qa., to the south, and of Maryland, 
New York, and Vermont to the north ; and the abundance of jointing, so 
far as indicated, is a disadvantage when compared with the great scarc- 
ity of joints at Tate and their relative scarcity at other districts. The 
high freight rates said to prevail on the Murphy Branch of the Southern 
Railway may be a further disadvantage, but these are not so serious for 
marble as for lower priced products, such as flux, crushed stone, and 
burned lime. Pumping may also become a serious factor, but is success- 
fully cared for in similarly situated quarries, both of marble and of 
limestone in North Carolinu and elsewhere. The only satisfactory 
method of locating a good quarry site in this area is systematic core drill- 
ing until an area of good appearing stone relatively free from joints 
and impurities can be found that is extensive and thick enough to justify 
the necessarily large outlay of capital for development work, 

C3LAT COUHTI 

Peachtree Creek Area, Clay County. — The marble deposits represented 
on Plate II along Peachtree Creek and near Brasstown in western 
Clay County and the adjacent part of Cherokee County, is a part of the 
Murphy marble and conforms to it in general description. They have 
been reported to be sufficiently free from defects to warrant careful con- 
sideration by prospective marble produeere, but Lane/s examinations 
in the district show the rock wherever exposed to be too much fractured 
and too impure for marble quarrying. It presumably is adapted, where 

"Lawii, J. v., HotM on bnildlni ud emuneiitsl Hone: H. Q. Qtol. Snrrar, lit blannlal 

nport. p. ae. iBsa. 

'Fnlt. J. H.. The mlninit induftrj' in North CaraUna darlaf ISOl; M. 0. OeoL SDirer 
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impurities are few or absent, ta the same range of chemical uses as the 
stone in the main area to the northwest but is too far from the railroad 
to be of present commercial importance. 

Macom CoruTT 

Bed Marble Crap, Macon County. — Northeast of Andrews and Valley- 
town the Murphy marble is largely eliminated bj an overthrust fault 
(PI. II, section A-A). A small lens is exposed, however, near Red 
Marble Gap northeast of Topton, According to Merrill,^' who obtained 
the information from Professor Kerr, former State Qeologiat: 

"The rock Is a beantlfnl light flesh pink, sometimes Matched or striped 
with blue and yellow. The texture la flna and It acquires an excellent mr- 
face to polish. The atone Is stated by Prof. Kerr to occur la the aide of 
the mountain In cliffa ISO feet or more la height, and blocks of almost any 
size can be obtained. It le quite different from anything now In the marbet 
and would donbtlese And a ready aole if once Introduced." 

Although this information has been available for several years, no 
development work has been recorded. 

Ellijay Creek, Macon County. — The only other known deposits of 
limestone or marble in Macon County are those mentioned in the follow- 
ing quoted paragraph."' 

"In Macon County, near the headwaters of Ellljay Creek, near Cullowhee 
Gap, limestone has been burned to lime for building and fertilizing purposes 
on the property of John Bryson. About one-half mile west of the gap la the 
Haekett lime quarry that was worked quite eztenslTely some years ago." 

Four partial analyses of samples collected hy Professor Kerr in 1879 
or earlier are as follows :"'' 

Calcium carbonate. 72.01 6S.G1 Tl.GS 66.S6 

Magnesium Carbonate 7.SZ B.T6 9.1S 3.78 

79.83 72.27 80.74 70.64 
It is not known to what geologic formation Uiese deposits belong. It 
appears probable from their geographic position that they may be lenses 
in the Carolina gneiss or in the Brevard schist. Nothing is known re- 
garding their chemical composition, and they are too remote from rail- 
road lines to be of commercial importance. 

SWAITT OOUNTT 

North Carolina Talc and Mining Co., Swatn County. — Farther north- 
eastward along the Murphy Branch marble forms a continuous area 
from a mile south of Natahala station to a point three-fourths of a mile 
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northeast of Hewitts stBtlon. All of this area is now owned by the 
North Carolina Talc and Mining Co. This company has produced talc 
for aeveral years and has shipped crushed stone and burned Iboe in 
nearly every year since 1912 ; but in 1918 the increased cost of operation, 
together with the shortage and poor quality of fuel and -labor due to 
war conditions, prevented successful operation. Development work on 
marble prospects took place as early as 1903. In 1910 the present own- 
ers took out some splendid blocks near Hewitts station for exhibition 
at the Appalachian Exposition in Knoxville, Tenn.,^^ but no further 
production has been reported. 

The mai'ble in this area crops out on bhe west slope, well above the 
level of Natabala Kiver, and quarries can be made self draining, a de- 
cided advantage compared with the quarries and prospects in Cherokee 
County. The stone, however, is likely to be more cut by mud seams 
and caves than that in the low flat areas. Water power also can be 
developed on a larger scale, and the fact that shipments of cru^ed stone 
and lime have been profitably made iu normal times is evidence that 
freight rates, though high, are not prohibitive. (See Plates III and IV). 

The stone for the most part is different iu color and texture from that 
to the southwest in Cherokee County. The principal colors, as stated 
by Laney,^* are l^ht gray to nearly black and cream white to pink, in 
some places uniform and in others in alternating bands and patches. 
Some of the pinkish rock has greenish streaks and is attractive in rough 
blocks but does not take a smooth or polished surface. The combina- 
tions of color are not usual among domestic marbles. Except at one or 
two places the weathered stone has bo highly developed a scJiisirOse or 
platy structure that it breaks into thin plates or into narrow blocks re- 
sembling sticks of cord wood. These defects may disappear, however, 
with increasing distance below the surface where strains due to changes 
of temperature are less. 

The most promising locality in the area for nxarble quarrying is the 
prospects already developed, which lie about half a mile southwest of 
Hewitts station and 300 to 400 feet above the railroad. The platy 
structure here is distinct hut less highly, developed than elsewhere, and 
Lnncy has suggested that marketable slabs can be obtained by sawing 
blocks parallel to* the schistosity. Two drill records furnished by Mr. 
F, R. Hewitt, president and treasurer of the company, and quoted by 
Laney"* are repeated here. 

"Pratt. J. H.. and Barrr^ H. U.. The mlalnc induMrr in Norlli Oanriina In IfiOS, 1M», 
and laiO; N. O. OmL * Beon, Sane;. Economic Paper No. £3, p. 114, 1911. 
"WaEwn. T. L., BDd Litnej, F. B., op. cit., pp. 200202. 
"Idem, p. 201. 
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One bole at the prospect just mentioned shoved : 

I. Blnlati gmr, mottled and banded wtth white '. 20 feet 

* 2. PurpliBli pink, color not uniform, more or less green inter- 
banded' 12 feet 

3. Pink witli more or less green, green Increasing with depth.. 30 feet 

Thia hole penetrated only the upper part of the formation, which at 
this place ia reported to be about 600 feet thick.*i 

A second hole drilled in a ledge of "blact" magnesium marble near the 
north end of the company's tramway showed : 

1. Bluish gray 20 or 80 feet 

2. Pink with some green streakB S or 10 feet 

3. PurpIiBb pink, mottled with green 20 feet 

4. Cream white 7 or 10 leeC 

A third hole bored for talc just north of Hewitts station pasaed 
through 250 feet of the marble at an angle of 35° to the horizontal or 
about normal to the dip. Before the adjoining properties were purchased 
by the present company borings had been made at several poiats, 
from the railroad siding known as Talc Mountain on the north to the 
southwest end of the area, but no records of them were saved. 

Stone for crushing and lime burning has been quarried at three 
places connected by a tramway with the lime kiln and the crusher, both 
of which are along a railroad siding. The southern and smaller quarry, 
at the south end of the tramway, consista of medium to dark bluish gray 
high calcium stone, of uniform appearance as a whole but with fine black 
bedding lines conspicuous in places. The dip here is about 60° southeast- 
ward. The exposed rock contains several small caves with mud-stained 
or rust-stained walla. Some of the caves contain stalactites. The black 
lines are more conspicuous on exposed than on freshly broken surfaces. 
The stone is of medium to fine grain and in thin section presents a very 
marked schistose character, the more conspicuous grains averaging one- 
half millimeter or less in length and leas than one-quarter millimeter 
in thickness. The black linea, here as elsewhere in the Murphy marble 
belt, are due to obscure microscopic wavy rows of minute particles of 
graphite. Small grains of pyrite averaging about one-fiftieth millimeter 
in diameter are thinly but evenly scattered. Quartz, constituting less 
than 1 per cent of the section, is also rather evenly scattered in grains 
with average diameter one- twenty-fifth millimeter, and -a. few grains of 
sericite and plagioclase are also present. Fluorite (calcium fiuoride) 
though subordinate to quartz is con^icuous in the insoluble residue. 

conunDniotiaD br llr. T. R. Hawitb Uar 12. 1919. 
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Qualitative cliemical testa confirm the microscopic evidence and also dis- 
close a small, but distinctly greater than OTdinary content of iron in the 
soluble portion of the rock. 

Beds between the two quarries, both in areal position and strati- 
graphic relations, are exposed along the tramway. The; contain man;^ 
small pits where talc lenses have been worked. 

The larger quarrj, at the lime kiln and just south of Uie station, has a 
face about 40 feet high beneath a soil overburden which varies from 1 or 
2 to 5 feet in thickness. The beds dip 35° S£. The upper half of 
the rock exposed consists of a bed about 20 feet thick of light bluish 
gray rather fine grained dolomite, mostly of even color, but with occa- 
sional thin bands or fine black lines and thinly scattered patches of white 
coarse grained dolomite. It is cut in places by many short sealed frac- 
tures, some of which when broken open are spotted by brown rust. The 
weathered surface is light brown, soft, and sandy. In thin section this 
rock is uneven grained, grains with average diameter of less than one- 
tenth millimeter being grouped around twinned grains whose diameters 
range Up to one-half millimeter in diameter. Insoluble minerals are 
practically absent. Qualitative chemical test shows a small but dis- 
tinctly greater content of iron than in the stone at Begal. 

This bed is underlain by ten feet o£ light gray rook, fine grained with 
coarse grained patches and streaks much cut up by slickensided fracturee 
lined with talc and by many short white dolomitic veinlets. Short 
brown stained streaks are also present, some of them bordering the 
white dolomite veinleta. Thin sections show the presence of several 
minute pyrite grains, and suggest that the brown streaks are due to oxi- 
dation of iron contained in the dolomite of the veinlets. The talc forms 
wavy lines in part accompanied by distinctly schistose dolomite and here 
and there offset or deflected by microscopic faults and contortions. 
Insoluble minerals other than talc are practically absent. Solution of 
this rock in rather strong hydrochloric acid leaves a residue of talc and 
the filtrate yields a considerable precipitate of iron hydrat^ evidently 
derived in part from the brown streaks and greenish coloring matter of 
the talc, but mainly from the dolomite. Below this bed is dolomite simi- 
lar to the upper bed in appearance, hut harder and more shattered and 
cut in places by talc seams. 

The stone in this quarry, while much too shattered to be considered 
for marble quarrying, has been shipped as crushed stone and burned to 
lime for use in the preparation of wood pulp (sulphite process) for 
paper making. Tho upper 20 feet are suited for flux, crushed and pul- 
verized stone, and for any chemical uses requiring high magnesian lim&- 
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stone or lime low in flilica and alumina but not free from iron. The 
middle ten-foot bed appears nnsuited for lime burning because of its 
structure and content of talc. Itg impurity also bars it from chemical 
and metallurgical usea whose requirements are exacting. For crushing 
it may give moderate satiafaction, but lacks the uniformity and degree 
of bardnese and toughness and the bonding surface poasesBod by the 
overlying bed for concrete or for road metal ; as pulverized stone it can 
serve the small neighboring markets, but is hardly pure enough to com- 
mand a wider market in competition with limestones and dolomites of 
higher grade. 

^orth of the station the limestone area is honeycombed with pits, 
■ trenches and short tunnels from which talc has been mined. The stone 
debris around these workings contains a considerable quantity of impuri- 
ties, including talc, tremolite, black micaceous minerals, quartz seams, 
rusty specks derived by oxidation of pyrite. Pure stone ia also present 
but the difBculty of separating it from the impure etone is disconraging 
so far as cheap quarrying is concerned. 

Mr. Hewitt^^ states that the dolomite from the quarry at the lime 
kiln bums to an excellent grade of high magnesium lime, averaging about 
5i per cent calcium oxide and 42 per cent magnesium oxide. For three 
years it supplied the demand of the Champion Fibre Company at Can- 
ton, until owing to a change in process high magnesium lime was no 
longer needed. He states that the high calcium rock bumB to lime that 
contains 96 to 9S per cent calcium oxide but is likely to bum to various 
colors — some white, some red and sandy and some dark gray to black. 
He has found no satisfactory explanation of this discoloration. Al- 
though the coloring bars it from uses where a white color only is 
required, the lime has been sold by dealers to various points in the 
South. 

The discoloration of the high calcium rock during burning, however, 
ia not objectionable to the stone's use in the manufacture of Portland 
cement. The company's property is well situated with reepect to raw 
materials, water power, and railroad facilities, and is the most promising 
prospect in the state for a plant of this kind. It is necessary, however, 
to prove that high calcium rock exists in sufficiently large quantities 
free from interbedded layers of dolomite. The distance from markets 
and fuel supply has also been a drawback to the establishment of a 
Portland cement plant in this part of the state. 
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MmUhoii Conntr 
The limeatonea (including marbles) of Madison County belong to the 
following three formationa named in order of geologic age; small lenses 
in the Carolina gneiss, larger lenticular bedB in the Hiwuesee slate, and 
the Shady limestone. The Shady limestone in the vicinity of Hot 
Springs is the only one of more than local interest. 

Lenses in Cabouna Gneiss. 

The Carolina gneiss covers an extensive area in Buncombe County but 
extends only six or seven miles northward into Madison County in the 
vicinity of French Broad River. It consists of interbedded light and 
dark gray gneisses and mica schists, and, particularly in Madison 
County, of thin layers of hornblende schist, which marks its transition 
into the closely associated Roan gneiss. The inclosed lenses of crystal- 
line limestone are found only in the vicinity of Marshall (PI. V), 
and are described by Keith.** 

Associated with the snelss, but forming an unusual exception to it la 
character, Is a group ot marble beds. Two of these are found In Mftnhall 
and (Ire are 2 miles west and northwaet of Mlarshall, four of theee \jlng In a 
nearly stratsht line southward from French 0road River. Outcropa of the 
niart)le are found only In or near the Btreame, on account of the soluble nftture- 
of the rock. At first they seem to be different outcrops of a continuous bed, 
but It Is doubtful If this Is the case, because a± a few Intervening points the 
marble Is plainly absent. It is probable, therefore, that the marble deposit* 
are of lenticular shape. Considerable dlOerences in thickneea can be ob- 
served, even In the small exposures near the streams, but these may be due 
to the eitrems folding that all of the rocka of the region have undergone. 
The maximum tbicknees obserred was on Walnut Creek northwest of Mar- 
shall, where the outcropping beds are 60 feet thick, with a possibility of as 
much more concealed. About 200 feet farther north the entire section was 
occupied by gneisses. South of French Broad River the thicknesses observed 
range from 10 to 35 feet. The thicknesses shown tn Marshall have about 
the same variations. 

The marble Is fine grained and Is usually wblte. It contains S4 per cent 
of carbonate of calcium, 2 per cent ot carbonate of magnesium, and 13 per 
cent of silica. Many portions have a somewhat greenish color, due to tremi>- 
lite, which forms many small prisma and stubby crystals. Other variations 
of color are due to small knots of epidote, tremollte, and calclte, and to lenses 
of fine quartz and hornblende. These seem to be in the nature of secondary 
s^regatlons and are of frequent occurrence througbout all the marble beds. 
The most important variation In the marble Is seen In the series of thin lenses, 
and sheets ot silica that It contains. These are seldom over 2 Inches in 

■Kiith, ArthDi, U, S. G«l. Survey. Omioclcal Atlai. Aaherille lolio (No. llS). p. 2. lOOA. 
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thlckneae and are compoeed of extremely fine-grained quartz. Tbey appear to 
represent original sedimentary bands, replaced by silica, and have been ex- 
tremely contorted and folded, like tbe adjoining gnetsaea. The value ot the 
marble tor building stone ia much injured by these various Impurities. A few 
seams of mlca-schlst found in the marble contain the same minerals and are 
metamorphosed to the same deeree as the adjoining Carolina gneiss. There 
is, therefore, little doubt that the marbles are of substantially the same age 
as the gneiss. The gneiss la cut by Cranberry granite at many points within 
a tew feet of the marble, but the granite does not touch the marble at any 
point. The presence of tfaeae marble beds makes It probable that at least part 
of tbe Carolina gneiss Is ot sedimentary origin. 

A ehemieal analysis of one of these lenses is ^ven in column 17, page 
150. Recasting into mineral components shows 74,70 per cent calcium 
carbonate (instead of 85 per cent quoted above) and 2.27 per cent mag- 
nesium carbonate. These are equivalent to 72 per cent calcite and 4,97 
per cent dolomite. There remains an excess of 6,54 per cent lime, most 
of which ia accounted for by tremolite, hornblende, and epidote, though 
a small quantity may be present with the soda in small untwinned grains 
of plagioclase (lime-soda feldspar) not readily distinguishable from 
quartz under the microscope. The potash is probably present in incon- 
spicuous grains of orthoclase (potash feldspar) or sericite (a potash 
mica). The iron is mostly present in epidote. 

Although some of these lenses appear on the map to be well situated 
for quarrying, the description of the stone and the chemical analyses 
give littfe encouragement for development. Its high content of silica 
condemns It for lime burning, or pulverized limestone or other chemical 
uses of limestone, and renders it harder to work as marble than the well 
known marbles of the country which contain very little silica. The 
presence of tremolite and hornblende (silicates of magnesia and lime 
with more or less iron), epidote (silicate of lime, iron, and alumina), 
may supply a variegated appearence to parts of the stone. The tremo- 
lite particularly, however, is likely to weather out on prolonged exposure, 
leaving a pitted surface, as are the streaks of mica schist. 

I^ENTicrLAR Beds in Hiwassee Slate. 
The rocks in this formation occupy two large irregular areas north- 
northeast of Hot Springs and a third area west of Hot Springs and 
mostly across the Tennessee boundary (see PI. V). The name of the for- 
mation is derived from Hiwassee River in Polk County, Tenn. The for- 
mation consists almost entirely of bluish gray or bluish black slate 
which weathers to greenish, yellowish gray, and yellow. In the areas 
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DOrtfa-northeaBt of Hot Springs many of the beds are somewhat sandf. 
All three areas are characterized by a series of interstratified lenticular 
limestone beds. According to Keith.'-* 

The largest single body mentioned by Keith^'* is that on Little Laurel 
Creek just south of Allen Stand, where the thickness is over 100 feet and 
the length over 4 miles. He also states that the limestone bodies are 
all more or less siliceous, but are sufficiently pure to furnish material 
for local needs. 

Shaht Limbstonk. 

There are two parallel areas of this formation in the vicinity of Hot 
Springs in North Carolina and others to the northwest in Tennessee. It 
is named for its occurrence in Shady Valley, Johnstown County, Tenn, 
The following paragraph is an abstract of a general description by 
Keith.3e 

The formation consists almost entirely of fine grained limestone and 
dolomite of various kinds, more or less crystalline, and near Hot Springs 
is nearly 1,000 feet thick. The prevailing colors of the fresh rock are 
bluish gray or gray and are likely to weather dull gray or black. Some 
layers are mottled gray, blue, or white, and in many places are seamed 
with calcite. Southeast of Meadow Creek Mountain, the easternmost 
area in Tennessee, contains at its base, a considerable thickness of white 
magnesiau (dolomitic) limestone or marble beds, but these are less 
prominent around Hot Springs. On these layers the black surfaces of 
weathered outcrops are most noticeable. Thin seams of blue and gray 
shale are present in a few parts of the formation, and a few beds of red 
ahale in its upper layers make a transitioa into the overlying Watauga 
shale. Siliceous impurities in the form of sand grains are found in a 
few beds of the limestone, and chert is somewhat more common. This 
mineral usually forms small round nodules with gray surfaces and con- 
centric gray and black bands inside. Another variety has the structure 
of chalcedony and occurs in lumps a foot or more in diameter. Over 
most of these areas the superficial part of the rock has been dissolved 
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by weathering proceeses, leaving a dark red clay which contains many 
lumps of chert. An exception to this rule is the high hluff of verticall; 
dipping beds exposed along the French Broad River and close to the 
Southern Railway, a mile northwest of Hot Springs. The only other 
considerable exposure is to the west at Shut-in Creek, 2 miles from the 
railroad. 

Structure. — The two areas of the Shady limestone near Hot Springs, 
as shown in PI. Y, sec. A-B, form the nearly vertical limbs of 
an inverted arch or syncline, the north side of the northern limb as well 
as both ends of both limba being cut off by a curving fault of unusual 
character. (PI. V, Madison Co. map), which is described as follows 
by Keith : 

The great fault which passes Just north ot Hot SprlngB Is one of the most 
unusual In the Appalachians. Its outcrop forme a nearly complete oval and 
its planes. If extended upward, would almost unite la & dame. St&rtlne In. an 
overturned told southeast of Stackhouae, Its plane dips sacceesively toward 
all pctnts of the compass and dies away In. another fold parallel to and 2 
miles northwest of Its starting place. In Its production are exhibited com- 
pression and shortening, not only in the usual northwest^ontheast direction 
but In all others. The area inclosed by the fault plane thus represents a 
downthrows mass upon which the adjoining rocks were ptled high from all 
sides. The plane cuts abruptly across the edges of the strata at man; points, 
particularly where the mass of Max Patch granite is thruM forward upon 
them, and the usual connection of antlclinical fold and fault Is not obvious 
here. * • • The dip of the piaae varies from nearly flat at the foot of Bluff 
Mountain up to 50° or 60° east of Hot Springs. The evidence needed for 
meesortng its maximum throw Is not snfflclent. It ha», however, a displace 
ment of at least three miles. 

The north-south fault which passes 2 miles east of Stackhouse Is similar to 
the foregoing fault in all Its features except that its plane ia not so curved 
Thie, too, gives evidence of a conaldei-able shortening ol the earth's crust in 
an east-weet direotion. To account for the features which fauHs of this kind 
exhibit, they m.ust be considered as planes of shearing that pass through the 
granites and sedimentary rocks and are little influenced by the attitudes of 
the stratification planes. In this respect they differ widely from the prevailing 
Appalachian faults, which lie for the most part parallel to the stratification. 

The Shady limestone in the vicinity of Hot Springs occupies two 
elongate areas of east-west trend. The southern, and by far the more 
important, extends from a little east of French Broad River westward 
beneath the town of Hot Springs, and along the mountain slope for 5 
miles. Its width is about one mile. About a mile northwest of Hot 
Springs station it forms two prominent bluffs along the railroad which 
offer by far the best site for limeetone quarrying in the district if not in 
the whole state. Both bluffs are on the property of the G. C. Buquo 
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Lime Company, whose quarry is in the northern hluff. Westward from 
these bluffs the rock is almost entirely concealed beoeatlL the brush and 
timber covered slopes. Only cobblea and small boulders of quartzite and 
schist, evidently derived from the Hesse and Nebo quartzites which form 
the higher slopes and summits just south of the limestone, appear on the 
Burfaee and no adequate idea of the character of the limestone can be 
determined over moat of its area. Outs along the road just west of and 
above the bluffs show an overburden of 5 to 10 or more feet of red clayey 
soil. The only considerable exposure besides the two bluffs mentioned 
above is along Shut-in Creek, 2 miles west of Hot Springs. Other 
quarry sites favorable so far as drainage is concerned may be found 
where creeks cross the area in its western half, but the amount of strip- 
ping necessary is considerable, and distance from a railroad of 2 miles or 
more is unfavorable. 

The northern area is about 2 miles farther north, and mostly underlies 
low ground in whioh the opening of quarries would involve considerable 
stripping and pumping, especially in parts of the area nearest the rail- 
road. The parts underlying higher ground are not favorably enough 
situated to offer much inducement for development. 

G. C. Buqtio Lvme Company. — The quarry of the G. C. Buquo Lime 
Company is in the northern of the two bluffs, about a mile northwest of 
Hot Springs station, and is connected with the railroad by a siding. 
The company's property covers 160 acres, including both bluffs, or all 
the most favorably situated quarry sites. The quantity of stone readily 
available is several million tons and at the present capacity of the grind- 
ing plant (20 tons an hour) is sufficient to last for about 200 years or 
more. The grinding plant is situated just north of the quarry with 
which it is connected by a short inclined track on which cars are oper- 
ated by cable. The output is entirely pulverized limestone, 100 per cent 
of which passes through a 10-mesh, 85 per cent through a 50-mesh, and 
50 per cent through a 100-mesh screen. See Plates TV and VI. 

The quarry face when seen (August 1918) was about 100 feet long, 
and 50 fet high, and was worked on two benches. The stone blasted 
from the face was broken by sledgp^s to proper size for the crusher. The 
beds strike westward at about right angles to the quarry face and dip 
about 75° northward. Individual beds vary from less than one foot to 
three feet in thickness and some are separated by films of reddish shale. 
Fractures are rather few and the prevailing absence of persistent hori- 
zontal fractures or joints detracts from the ease of quarrying, as it is 
difficult to maintain quarry benches in vertical beds without them. 
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The stone exposed in the quarry face is mostly dark blue fine grained 
dolomite, some beds of which are crisscrossed with sbort veinlets of 
white dolomite coarser grained than the main rock, and eeveral of which 
contain scattered spots of similar white dolomite. The middle part of 
the quarry face are a few dolomite beds of light gray or bluish gray 
color, some with inconspicuous white Teinleta. The white dolomite is 
somewhat rusted whore weathered, indicating the presence in it of a 
certain amount of iron carbonate. This feature ia confirmed by a quali- 
tative teat of some white dolomite from a veinlet in the dark blue rock. 
Application of dilute hydrochloric (muriatic) acid on five representative 
specimens, three of dark and two of light colored stone, produces no 
effervescence except along somewhat rusted veinlets and fractures. This 
result accords with a chemical analysis of the rock in column 18, page 
150, furnished hy the G. C. Buquo Lime Co., and said to represent the 
average output of the quarry. Recalculation of this analysis shows 
,i9.50 per cent calcium carbonate and 39.65 per cent magnesium car- 
bonate, or 8C.S5 per cent dolomite and 12,90 per cent calcite. Different 
analyses are tald to show from 93 to 98 per cent total carbonates. Qual- 
itative tests on the five specimens collected show a uniformly very low 
content of iron, iticst of which is present as iron carbonate in the dolo- 
mite grains, and the remainder in minute grains of fresh to oxidized 
pyrite. 

Microscopic examination of the insoluble residues from these speci- 
mens represented by the 0.75 of sand in the analysis proves it to 
consist mainly of feldspar and quartz, with minute flakes or fibers of 
sericite (white mica) and tremolite, pyrite, and an occasional grain 
of apatite (a calcium phosphate). The feldspar and quartz have rather 
well-developed crystal outlines. In one residue feldspar was absent; 
in another It was the most prominent constituent. In one the leading 
variety of feldspar was soda orthoclase; in another it was ordinary or- 
tholocase; and in a third it was soda lime feldspar (andesine) in detrital 
grains with secondary enlargements or rims of soda orthoclase. 

Although this stone is quarried at present only for pulverizing, it is 
also well suited for road material, as shown by the physical tests on 
page 145, which compare favorably with other limestones and dolomites 
in the state as well as in the country. It is also apparently well suited 
for burning into high magnesium lime, and for chemical uses which 
call for high magnesium stone freer than the average in insoluble mate- 
rials, and low, but not extremely low, in iron. 

Other Properties.— The only available record of other attempts to 
quarry this rock has been furnished the writer by W. E. C8rsoQ,8T 
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who burned stone quarried on the opposite side of the river from the 
Buquo quarry. He Btatee that it was a high calcium rock which burst 
in the kiln and choked the draft. High calcium rock is the exception in 
this vicinity. If, however, a. sufficient quantity free from dolomitic 
beds can be found to encourage erection of a Portland cement plant, 
there are several shale or slate formations within reasonable distances, 
as shown on page 155, and railroad and water power facilities, as well 
as relations to markets, are also very favorable. 

HItcheU Connt; 

Intbbmont (Tobcane) 

The only deposit of marble or crystalline dolomite in Mitchell 

County is a lens in the Carolina gneiss which is exposed in a. railroad 



i«Iil*t (s). The Hhist >l lbs contact with tba miirble it CBlcareous. (After Lana)',) 

cut on the north bank of North Toe River near the mouth of Sinkhole 
Creek, about three and one-half miles above Intermont (Toecane) 
Station, on the Carolina, Clinchfield & Ohio Railroad. This deposit 
was not visited by the writer, and the following description is sub- 
stantially quoted from published reports by Keith^^ and Laney.^^ 

According to Keith the marble crops out only near the streams and 
may extend considerably farther than its exposures indicate. It has been 
traced by Laney in a N. 2O°-30° E. direction for about a mile from 
the railroad, its position being indicated by residual boulders here and 
there. 
Eeith states that along the river there are two bands of marble, al- 
ternating with mica gneiss, dipping about 50° SE, The entire series is 
cut through by an irregular pegmatite vein, which passes in places 
across the beds and in others along them. The upper layer of the 
marble is about 70 feet thick and the lower about 8 feet; the inter- 
vening mica gneiss is about 10 feet thick. (See fig. 8). 

"Keltb, Arthur, 17. 8. 0«1. Bnrrar G«ol. AUu; UomX Ullehea Folio (No. 124), pp. 3-S, 
leOG. 

"Wklun, T. L., uid htjusy. I*- B., Dp. cit., p. E04. 
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The following are records of 6 diamond drill holes, distribtuted 
throu^ a distance of more than 300 feet, put down by the Sullivan 
Machinery Company for the Carolina, Clinchfield and Ohio Kailroad ' 
Company, and kindly furnished by the railroad company: 
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Material designated as schist and quartz between the two marble beds 
evidently represents the pegmatite mentioned by Keith and Laney, m 
well as any interbedded schist. These records show the varying thick- 
ness of the marble. 

The marble is rather coarsely crystalline and has a white color 
wherever observed. The chemical analyses in columns 19 and 20 on 
page 150, show it to be a nearly pure dolomite. According to recalcu- 
lation of analyses No. 19 the rock contains 54.8 per cent calcium car- 
bonate and 45.02 per cent magnesium carbonate, or 99.82 per cent 
dolomite and 1.20 per cent calcite; according to analysis No. 20 it 
contains 65.9 per cent calcium carbonate and 44.27 per cent magnesium 
carbonate, or 96.97 per cent dolomite and 3.2 per cent calcite. A small 
part of the magnesium carbonate as calculated ia probably replaced by 
iron carbonata 

The outcrops have a dark gray to black exterior, l^ear their sur- 
faces there is some disintegration and the carbonate crystals weather 
into coarse crumbling grains. There are a few impurities in the shape 
of thin sheets and lenses of fine silica. These are folded and appear to 
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represent originally difiFerent layers in the rock, although the silica la 
secondary. The contacts of the marble and mica gneiss are sharp and 
there is no transition to be seen. Along one of them alickensides show 
that there has been recent motion. The contacts with the pegmatite are 
equally sharp. For several feet at the bottom of the pegmatite there 
is a thin contact vein of actinolite which grades into the marble. In- 
closed in the lower body of the marble there is also a small mass of ser- 
pentine and actinolite. 

As a marble prospect, the favorable features of this deposit are prox- 
imity to the railroad, freedom from joints and minor fractures and im- 
purities, and uniform white color. The principal disadvantage is the 
presence of the pegmatite vein or dike. The thickness of the main 
Diarble bed at the surface, 70 feet, is encouraging, but the accompanying 
illustration, after Laney, shows the necessity of thorough prospecting 
with the diamond drill to ascertain the workable volume of marble. 
Laney states that the pegmatite apparently extends the whole length of 
the marble deposit and even farther. 

As a source of magnesium limestone for agricultural and different 
manufacturing purposes the deposit is very promising, although it may 
lie a little high in iron oxides to meet a few very exacting requirements. 
A chemical analysis of an average sample showing iron oxides separate 
from alumina is necessary to determine this question. The coarse grain 
of the stone renders its wearing qualities inferior as ordinary crushed 
stone, but it should furnish satisfactory stone for terraszo chips and 
£ner ground material for sucdi uses as chicken grit and coating of ar- 
tificial stone. 

HeDowell Conotr 

The Shady limestone occupies three areas in the northern part of 
McDowell County, along or near the North Fork of the Catawba River. 
(See PI. VII.) The northernmost and longest area extends along the 
North Fort from a few miles south of linville Falls village to the 
■vicinity of Sevier Station on the Carolina, Clinchfield & Ohio Rail- 
way, a distance of about 11 miles; the second, at Woodlawn, is of 
roughly circular outline, underlying the flat area of Turkey Cove and 
the lower part of the slope to the south; the third is at the bend in the 
river two miles southeast of Woodlawn. 

The stone as a whole, described by Keith,«* is prevailingly of white 
to gray color, with many beds of dark blue, fine grained, and of dolo- 
mitic character, its content of calcium carbonate ranging from 52 to 62 
per cent, and its content of magnesium carbonate from 83 to 41 per 

«Keith, ArUinr, n, B. Oepl. Bnrrej G«al. Atl««, Mt. MitcheU Polto {Ko. 13<), p. 6, 1806. 
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cent. (See analyses on page 150.) The layers are thick and masBive and 
the stratification is hard to determine unless large ledges are seen. 
Outcrops are very scarce, except of the heds near the base of the for- 
mation, which contain considerable silica in the form of sand grains and 
chert, and some of which have a high content or iron. The southern 
exposures, particularly, are considerably metamorphosed, or recrys- 
tallized, and the original colors have been lai^ly destroyed, but in 
parts of the northern area metamorphism is less pronounced and the 
original dark blue and gray colors prevail. Many ledges of this kind 
have the black weathered surface which is characteristic of the for- 
mation. Owing to the scarcity of exposures its thickness is hard to 
determine, but it probably exceeds 500 feet in the Turkey Cove area. 
The top of the formation is not present in any of the three areas, unless 
in the southwestern part of the northern area. 

The weathered rock is covered by a varying, but in most placee rather 
thick mantle of dark red residual clay, which in turn is commonly cov- 
ered by quartzite fragments washed down the slopes from the adjoining 
formation. 

NoBTHERN Area 

Northern Undeveloped Part. — The structural relations of the north- 
em area are shown in (PI. VII, SecAA'.) It is bounded on the 
west by an overthnist fault which has brought up Archaen gneisses and 
granites that form the steep mountain slopes adjoining the limestone 
valley. It is bounded on the east by the Erwin quartzite which forms 
the ridge separating Burke and McDowell counties and dips westward 
beneath the limestone at prevailingly low angles. 

At the north end of the area, white crystalline magnesium limestone, 
representing the basal beds, crops out on the east side of the road to Lin- 
ville Palis at the base of a steep slope. The formation here, as elso- 
where in the area, is mostly covered by a considerable thickness of red 
clay which eupporte a thick growth of small timber. The limestone 
does not extend any considerable distance up the east slope, and, there- 
fore, forms only a small mass available for local road building and ag- 
ricultural use. 

The rock is uneven grained, composed of thinly scattered groups of 
coarse grains (1 millimeter in diameter) in very fine grained matrix. 
It is only slightly stained by iron oxide, but a qualitative test shows it 
to contain a relatively large precentago of iron carbonate. It also con- 
tains more than the usual quantity of pyrite crystals, most of which are 
oxidized to dark brown or black pseudomorphs of brown iron oxide. 
Its high content of iron is characteristic of the basal beds of the 
Shady limestone. Its content of insoluble matter la also relatively high. 
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Microscopic examination sliows thia residue to consist mainly of feld- 
spar and quartz, with oxidized pyrite and perhaps a little magnetite. 
The feldspar includes nearly perfect Carlsbad and Baveno twins of 
orthoclase, and considerable oligoclase. The nearly perfect crystal forms 
of these feldspars indicates growth within the limestone, either as new 
(secondary) crystals or as enlargements or recrystallizationa of detrital 
grains that were deposited at the same time as the limestone. 

A little to the aeuth and along the west edge of the stream a ledge of 
similar stone extends for 1,000 feet or more, its surface sloping from 
about 45° towards the creek to vertical. The maximum height of the 
limestone above the creek is about 200 feet, and above it is a steep rocky, 
timbered slope rising 700 feet higher. The dip of the fault which sep- 
arates the limestone from the overlying rook ia at a low angle to the 
west. Extensive quarry operations, therefore, would soon involve under- 
ground work, in order to avoid the danger and expense of moving the 
great amount of overburden. Water power can doubtless be obtained 
from the creek. Transportation at present involves a three-mile haul 
over a rough down-grade road to the spur track of the Glinchfield Lime 
Company north of Linville Falls station. Plans for improving this 
road were under consideration in 1918. The rise from Linville Falls 
station to the down-stream end of this exposure is about 500 feet and is 
much steeper than the average during the last mile. The cost of hauling 
to the railroad is likely to be increased occasionally by the damage done 
by floods, and the total cost of operating a quarry is not encouraging 
in view of the fact that stone of similar or superior composition is being 
quarried at more favorably situated places in the state. The base of 
the limestone at this place is in or just below the creek bed, and the 
available stone therefore includes the impure basal beds described in the 
preceding paragraph, as well as the more pure beds in the formation. 

The gently sloping ground on both sides of the branch creek at the 
northwest base of Brown Mountain is underlain by the limestone, but 
the surface is so thoroughly covered with timber and brush that the 
value of this tract as a quarry site can be determined only by the sinking 
of test pits or by drilling. The general conditions here suggest that a 
considerable overburden of soil and quartzite bowlders covers the lime- 
stone, and that only the lower 200 feet, or the less pure part of the for- 
mation is present. These remarks apply also to the wooded slope east 
of the road along the southwest base of Green Mountain, though purer 
rock may be found beneath the land within 1,000 feet east of the road. 
Most of this land is under cultivation. The southern end of this tract^ 
about a mile northeast of Ashford (Linville Falls Station) appears the 
more favorable for prospecting. 
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On tlie west side of the river and due west of Brown Mountain, on the 
Avery and McGee tracts, the tojHi^aphj is more favorable for the open- 
ing of a quarrj than at any of the localities thus far mentioned. The 
ground slopes at a moderate angle, and the dolomite extends as much 
as 200 feet above the valley bottom. 

Analyses of the stone on the Avery tract and other places in the north- 
em part of the area are given in columns 21, 23, 33 and 24, on page 150. 
They are all of dolomites, calcium carbonate ranging from 52.01 to 
55.23 per eeait, and magnesium carbonate from 40.75 to 44.17 per cent. 
The mineral composition of the carbonates is as follows : 

No. 21 22 23 24 

Dolomite 94.09 96.30 97.17 89.65 



4.03 



In No. 33, the carbonate approaches nearer to jpure dolomite than in 
any other analyzed rocks in the State. A small amount of iron car- 
bonate replaces a part of the magnesium carbonate, in all specimens 
qualitatively tested. 

All of the analyses, except perhaps 34, are sufficiently pure to meet 
the requirements of stone for burning into lime. In view of the 
foregoing statements that in most parts of the area represented the 
lower, less pure portion of the formation is present, thorough prospect- 
ing should be undertaken before opening a quarry to determine whether 
these analyses represent a workable thickness of rock. 

An unpublished report by V, V. Kelsey for the Carolina, CHnchfield 
& Ohio Railway, dated May 26, 1916, calls attention to the possible 
utilization of stone in the northern part of the area for marble. He 
refers to light-colored, mottled marble on the Avery tract, and to similar 
blue and light cream-colored marbles on the Henofer property as 
worthy of prospecting. Foregoing statements regarding impure, sili- 
ceous beds and beds with high iron content render careful conservative 
prospecting essential to determine the thickness of workable beds, the 
persistence of color below the superficial weathered portion of the beds, 
and the attractiveness and probable demand for such stone as can be 
furnished compared with that for marbles of similar colors already on 
the market. The remarks on page 63 regarding the adaptability of the 
better exposed stone in the Woodlawn area for marble may apply with 
eqaal emphasis to this area. 

Clinchfield Lime Company. — By fat the most favorable quarry site 
in the whole area is tha-t occupied by the Clinchfield Lime Company, in 
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the two Bpnrs along the west side of the valley three-fifths mile and more 
north of the Carolina, Clinchfield & Ohio Railway. The company owne 
350 acres, including the two limestone spurs, a farm on the low slope 
east of the creek, and the intervening £ood-plain area. The quarry was 
opened in 1919. 

The quarry in 1918 was equipped only for production of hroken, 
omshed, and pulverized stone. Flans, however, have heen made to 
install kilns and a hydrating plant. Quarry operations are outlined 
as follows : The rock is blasted by a series of 18-foot holes. A thin bed 
of mica schist, mentioned in the next paragraph, will presumably be 
used as the floor of an upper bench as the quarrying advances into the 
hill. The blasted rock is broken by sledges, or if too large by the adobe 
method of blasting, to pieces suitable for feeding into an Austin No. 5 
gyrating crusher. It is conveyed to the crusher in end-dump cars. The 
crushed stone is elevated to screens which sort it to different sizes and 
drop it into storage bins, the screenings passing to a Jeffries pulverizer. 
The crusher has a capacity of 300 tons a day; the pulverizer 150 tons 
a day. They are operated by steam power. Stone from the bins is 
loaded by gravity into broad-gauge cars. The plant is connected with 
the railroad by a spur track 3,000 feet long with grade just sufGcient to 
allow the cars to reach the main line by gravity. 

The limestone dips westward, or into the mountain, at a very low 
angle. (See PI. VII, sec. BB'.) The stone shown in the quarry face, 
in the southern spur (August 3, 1918), is mostly fine grained, dark blue 
dolomitic limestone, locally oxidized to purple. This extends upward 
from the quarry fioor for about 20 feet and is overlain by a thin bed of 
white dolomite. This in turn is covered by a bed of mica schist 2 to 1 
feet thick, which is followed by much hroken dark blue dolomite, only 
a few feet of which have been uncovered at the top of the quarry face. 
At the south end of the quarry face irregular, broken masses of creamy 
white fine grained dolomite containing short thin seams of white mica 
are exposed beneath a considerable thickness of red residual clay. The 
overburden is irregular but as a whole very thin, and the cost of its 
removal becomes comparatively less and less as the quarry face advances 
westward and becomes thicker. It supports a considerable growth 
of timber. The top of the limestone on the spur west of the quarry 
face is about 200 feet above the creek. It is overlain by miea schist, 
much decomposed, and the esaot contact is concealed. 

The rock in the quarry face is much fractured. The dark bine, fine 
grained rock on close inspection is cut by many small partly sealed 
cracks, whose surfaces are marked by films of yellow to brown-stained 
calcite. Some fractures are slit^ensided, and stained dark greenish 
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by films of chlorite. The rock just beneath this dark green surface may 
be bleached to light gray. A iew short white streaks or lenses up to 
2 inches in length are present, and are more or less rusted where 
weathered. These streaks, on application of dilute hydrochloric acid, 
effervesce more readily than the normal blue rock. Under the micro- 
scope the rock is on the whole even grained, with few if any grains as 
much as 0.1 millimeter in- diameter. With a high power objective two 
kinds of grains are found, relatively large and small, the small forming 
networks among the large. This relation, together with the crumbling 
of the rock when immersed in dilute hydrochloric acid, euggeets that the 
larger grains are dolomite and the smaller calcite. The high power 
objective also discloses a very few minute grains of quartz. Minute 
dark specks of pyrite, largely oxidized to limonite are thinly but uni- 
formly distributed. Carbonaceous matter is very scarce. Leaching of 
the rock in 50 per cent hydrochloric acid leaves, as would be suggested 
by the foregoing description, only a very small residue of quartz, pyrite 
and limonite, and minute scales of white mica whose presence is not 
readily detected in thin sections of such fine grained carbonate rocks. 
A qualitative test proves the dissolved portion to contain a small but 
conspicuous percentage of iron which was present in the dolomite grains 
as carbonate. 

Column S5 on page 150 gives a rather complete chemical analyses of 
the average dark blue rock made by State Chemist of the North 
Carolina Department of Agriculture. A partial analysis of average 
rock furnished by Mr. J. W. Grimes, manager of the company, shows 
an equivalent of 56.34 per cent calcium carbonate and 38.13 per cent 
magnesium carbonate, or 94.47 per cent total carbonates. Mr, Grimes 
states*^ that some atone in the quarry contains as much as 65 per cent 
calcium carbonate and 31 per cent magnesium carbonate, or 96 per cent 
total carbonates. 

The one sample of purple stone is even finer grained than the dark 
blue atone, and contains somewhat m.ore conspicuous coarser grained 
streaks partly oxidized. Stained surfaces of cracks show a little black 
manganese oxide as well as yellow iron oxide. Under the microscope the 
normal fine grained part is interrupted by linear, lenticular, and nearly 
spherical a^re^ates of coarser grains, some of them with multiple 
twinning. These are partly stained by brown iron oxide which is 
mostly developed along certain intermediate zones of crystal growth. 
This relation and the fact that the coarse grained streaks, touched with 
dilute acid, effervesce more readily than the rest of the rock indicate 

■■WrlHen cmDraQnlMtion. 
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that tlie single coarse graing are made up of alternating growths of 
dolomite, calcite, and ankerit« (calcinm-magnesium-iron carbonate), 
the ankerite on weathering leaving the atains of iron oxide. 

A very Bmall quantity of stone considered by the superintendent, Mr. 
Poteat, to be unfit for burning into lime was noted on both spurs. That 
on the quarry spur was found just below the bed of mica schist, but was 
in too small quantity to be a serious factor in quarrying, A typical 
specimen from thia place is mottled yellowish, fine grained gray dolomite 
with short residual streaks of bluish gray. Fracture surfaces are coated 
by yellow films of iron oxide and small black femlike markings of man- 
ganese oxide. The specimen contains a quartz veinlet, 1 millimeter 
thick, and a few short streaks or rods of relatively coarse grained car- 
bonate. Under the microscope the bedding of the rock is shown by 
alternating thin layers of different degrees of fineness, conspicuous 
grains in the coarser layers averaging only 0.1 millimeter in diameter. 
Carbonate grains in the coarser streaks or lenses are as much as 0.5 milli- 
meter in diameter. Feldspar and quartz grains up to 0.5 millimeter in 
diameter are very thinly and unevenly scattered. They inclose minute 
carbonate rhombs. Wavy streaks and networks of yellow iron oxide are 
irregularly distributed. Grains of pyrite, mostly oxidized, tend to 
cluster near the coarse grained streaky and a few irregular grains lie 
among the well shaped carbonate grains in these streaks. 

Leaching of the rock in dilute hydrochloric acid leaves a sandy residue 
of dolomite grains. The dissolved portion contains very little iron. 
The dolomite residue is found by qualitative test to contain a conspicu- 
ous amount of iron carbonate. The very small insoluble residue left by 
the dolomite consists of quartz, white mica, a very few grains of feldspar, 
and minute dark opaque grains of oxidized pyrite. 

Another specimen of dolomite rock unsuitable for burning was taken 
from the spur north of the quarry. It is nearly white, rather trans- 
lucent and very fine grained but contains spots and short parallel streaks 
of rusted coarse grained carbonate, which contains a few dark grains of 
oxidized pyrite. ITnde^ the microscope the more conspicuous grains of 
the fine grained rock averaged about 0,03 millimeter diameter. The 
coarse grains in the spots and streaks range up to 0.5 millimeter in diam- 
eter and shows zones of limoDite, similar to those described on page 81- 
Chemical test shows a rather high content of iron carbonate. Minor 
constituents are white mica in tablets 0.1 millimeter in diameter, 
and feldspar and quartz in occasional grains up to 0.3 millimeter in 
diameter. These three minerals were noted mainly in the coarse grained 
streaks. Minute pyrite grains are thinly scattered throughout. 
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The principal reason for rejection of atone represented by tlieoe two 
tpecimena is the prominence and irregular distribution of the rusted, or 
iron-stained material which would be quite as conspicuous in the burned 
rock. It is doubtful if there is an appreciably greater quantity of iron 
in these specimens than in the prevailing dark blue rock but it is more 
in evidence. The percentage of quartz, feldspar and mica ia probably 
helow the limit allowed in first class stone for burning, but these minerals 
are coarser grained and more unevenly distributed. This discolored 
fltone may be included with the general quarry run for crushing and 
pulverizing, and for several chemical and metallurgical uses. 

Southern Undeveloped Part. — Southweatward from Aahford the lime- 
stone is almoat entirely concealed beneath the valley bottom. Quarries 
could probably be opened in the valley bottom of this area far enough 
away from the river for pumping to form only a minor item in the cost 
of operation. The location of quarry sites is dependent on drilling to 
determine the thickness of overburden and the quality of the stone. 

On the southeast slope of the valley, from North Cove southweatward 
to its end, east of Sevier station, the surface of the limestone area 
rises as much as 300 feet up above the valley bottom, but the stone is 
so concealed beneath timbered soil and quartzite debris that no ade- 
quate idea of its commercial value can be obtained witiout considerable 
prospecting. An analysis of a sample from the Pitts tract, about a mile 
southwest of North Cove and east of the road, is given in column 26 
on page 150. 

WooDLAWN Akba 

The greater part of the Woodlawn area underlies flat cultivated land 
as shown in PI. VII, and is of little value as a quarry site compared with 
the slope to the south, on which dolomitic limestone is exposed for more 
than 300 feet above the valley level. The complicated and exceptional 
structural relations of this limestone deposit as determined by Keith 
are shown in PI. VII, sec. CC'. It is nearly surrounded by a thrust fault 
which overthrusts the older granite, gneiss, and quartzite upon it from 
all directions except the southwest, and ia similar in many respects to 
the fault in the Hot Springs district (page 51). Since the principal 
overthrust took place, secondary folds and faults have been developed 
and have bent and broken the earlier fault plane and the inclosing 
rocks.*' Owing to these disturbances the dip of the limestone beds 
' varies greatly within abort distances, and the rock in most places has 
become so shattered that it is unfit for building stone, other than rubble. 
The rock on the slope is exposed along low spurs in which self-draining 

"KeiUi, Arthur, U. 8. Ool. Snnsy Qwl. Atlu, Mt. Mitchell Folio (So. 124). pp. ST. 1905. 
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quarries can be opened with only a small amount of stripping. Con- 
nection with the Carolina, Clinchfield & Ohio Bailway will involve coq- 
stniction of a spur track about a mile long to Woodlawn station on the 
east side of North Fork. 

The rock exposed on the slope consists of alternating dark blue and 
light gray or drab beds from 2 to 10 feet or more in thickness. The 
dark blue rock is fine, even grained, cut by many small sealed fractures 
whose surfaces are stained yellowish brown by iron oxide. Under the 
microscope the more conspicuous grains, some of which have multiple 
twinning, averaging about 0.1 millimeter in diameter, are separated 
by a network of minute granules. From the manner in which the stone 
disiutegratee when immersed in dilute hydrochloric acid it is suggested 
that the larger grains are relatively insoluble dolomite and the minute 
granules readily soluble calcite. Qualitative chemical test showa a 
rather considerable content of iron carbonate. Minor constituents are 
quartz, principally confined to one microscopic lenticular aggrt^te in 
the specimen studied, pyrite, largely oxidized to limonite, in minute 
thinly scattered minute crystals, and carbon in irregular linear abro- 
gates of black specks associated with the calcite granules. The light 
gray rock is also dolomitic with the usual content of iron carbonate, 
microscopic quartz, white mica, and pyrite. It differs from the dark 
blue rock only in its freedom from finely divided carbonaceous matter. 

The average chemical composition of the quarriable rock is shown 
by analyses Noa. 27 to 30, inclusive, on page 151. No. 27 represents a 
rock containing 97.61 per cent of dolomite and only 1 per cent of cal- 
cite, the nearest approach to pure dolomite of any rock in the state, 
except that represented by analysis Ko. 19. No. 28, an incomplete an- 
alysis, an equivalent of 90.1 per cent dolomite, and 3.2 per cent calcite. 
No. 29 represents an average sample of a 20-foot thickness of alternating 
dark and light beds in nearly vertical position along a dry stream bed 
about one-quarter of a mile south of the valley area. No. 30 represents 
an average sample of a small quarry face about 20 feet high of light 
gray and dark blue stone at an old limekiln near the moutk of the same 
dry stream bed. 

These analyses indicate that lie stone is well suited for flux, burning 
to high magnesium lime, and for chemical uses which require or allow 
the presence of a high per cent of magnesium, and require low silica 
and ordinarily low iron. 

The qualities of the stone for road building, as shown on page 145 by 
a test made at the office of Public Roads and Rural Engineering, U, S. 
Department of Agriculture, adapt it for waterbound macadam roads of 
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moderate traffic and bituminous roada of moderate to heavy traffic. It 
is donbtleaa suitable for concrete roads also. 

The adaptability of the stone for marble ia discussed as follows by 
Keith." 

"The lower beds of marble ne&r the Erwln qoartslte cootaln many sand 
grains and are not suitable for marble. Similar impurttles are found In lay- 
ers Ifliie still bisher. Silica Is also present In the marble In the form of 
small grains and midules of chert, which Impair the qnallty of the stone. 
Considerable thlckneesee of marble remain, however, which are suitable for 
ornamental stone. The total thickness of the formation Bhown In this region 
is over EOO feet. Probably the lower half of this is of little value as marble. 

• • • The dip of the strata at this point (south ot Turkey Cove) Is southeast- 
ward at angles ranging from 30° to 50°. At this angle the quarrying of deQ- 
nlte beds of marine would Involve handling a great deal of rock. Farther 
north In the cove It Is probable that the dips are considerably less, but the 
quality of the marble In the bottom lands fa unknown. Such outcrops as are 
found Indicate that the marble resists weathering well. Ue beds are usually 
massive and free from Joints so that large blocks could be quarried. Near 
the Brwln quartxlte, where the mariile le overturned, some layers have devel- 
oped a small acblstoelity. Such beds, however, are comparatively scarce." 

According to Laney.** 

"By tar the greater p<nt]on of the stone Is only a dolomltic limestone of 
varying purity. • • • 

■•• • • fjiQ porUon of the stcme that has been termed marble is usually 
very fine grained. The color Is white wMh a tendency toward a blue tinge 

* * *, and Is quite uniform. The stone la hard and compact, and breaks to 
a sharp edge. It contains varying quantities of quarts. • • • Sometimes 
there is only a very email amount ot quarts present, while again the rock 
may be bo Blliceons as to be called a calcareous sandstone. This last condi- 
tion Is seen only very close to the southeast contact with the country 
rock. • • • 

"The marble, while It Is eeriously Injured by Joints, la in much better con- 
dition In this respect than that portion of the stone which has been called 
limestone. As a rule, there are only two sets of Joints varying from less 
than a toot to perhaps 8 teet apart Thns, In some places, blocks of stone of 
Sood sise may be obtained. The Joints trend N. 2Do-30° £!. and N. 60°- 
eOo W. and the beds of stone dtp 450-50° S, 45* E. 

"Some years ago the State Oeologlcal Survey did considerable eztforatory 
work In the marble beds on Col. J. Q. Yancejr's plantation at Woodlawn with 
a core drill. Several holes were put down in such a manner as to Intiude 
a thickness of nearly 1,000 feet of stone. Records made at the time this 
work was done say that while much of the stone Is rendered worthless by 
the )olntIng, eome portions of It are fairly free from Joints and will 
thus furnish valuable stone.M The cores from this drilling are now In the 
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State Mnsanm at Ralalgli and were examined during the preparation of tbls 
report, but the? &re badly broken and furnished little sattafactoir Infonnar 
tlon as to the condition of the beds from which the; were taken." 

Although the stone, according to these quoted reporte, is capable in 
places of furnishing blocks of commercial size, there ia auder economic 
conditions of the past two decadee little encouragement for developing a 
marble quarry in competition with present quarries in North Carolina 
and adjacent states, where larger blocks of equally and more attractive 
appearance are produced. These active quarries, furthermore, are in 
high calcium marble which has a somewhat lower weight per cubic foot 
and a lower degree of hardness. 

Abba Two Miles Southeast of Woodi^wn 
The small area at the bend in the river two miles southeast of Wood- 
lawn has not been visited bj the writer and has received no economic 
discussion by earlier writers. As it consists only of the basal beds, it 
is probably too impure to be of economic interest in comparison with 
available stone in the other two areas. 

Hendcrsoii, Boucombe, and Transjlvanla Conotles 

The Brevard schist, which extends in a northeastward course from 
Georgia, across South Carolina, and through Brevard and Fletcher to 
Graphiteville, K. C, contains a series of lenticular deposits of crys- 
talline limestone. The Brevard schist is very similar in general char- 
acter, including the presence of limestone lenses, to the Hiwassee slate 
in the Hot Springs, U". C, district, and the two are believed by Keith** 
to be parts of the same formation of Cambrian age^ In Henderson, 
Buncombe, and Transylvania counties the formation consists mainly 
of schist and slate. Most of it is schist of a dsrk bluish-black, black, 
or dark gray color. 

The limestone lenses as shown in Plate YIII are most numerous and 
largest between Brevard and a point four miles northeast of Fletchw. 
According to Keith's description, which is here quoted in substance, 
they consist of fine to medium grained crystalline limestone of white or 
nearly white color, but contain beds of blue, buff, and banded blue and 
white colors. Southeast of Lake Toxaway the carbonate of lime is 
largely replaced by silica and the rock has a cherty aspect. In the 
quarries near Fletcher the total thickness of the limestone lentil is 
about 250 feet and its length more than a mile. The quarries at tlie 
head of Boylston Creek show about 50 feot of limestone with a probable 

•^eitb, ArUinr, U. S. Osol. Burrs; Qwl. Atlmi, Fiiiah Folio (No. 147). p. I. 
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leogth of one and one-lialf miles. The other lentils are both thinner 
and shorter. Owing to the great Bcarcitj of outcrops it is possible that 
some of the limestone lentils are longer than shown on the maip, and 
that some are entirely concealed beneal^ soil-covered valleys. The con- 
tacts of the limestone and the adjoining black schist are sharp wherever 
they are visible and there is no interbedding. No limestone deposits 
have been found more than four miles northeast of Fletcher, but they 
are found southwestward at intervals through South Carolina and far 
into Geor^a. 

Deposits Northeast op Fletcheb 

The two deposits in Bunconthe County, northeast of Fletcher, lie be- 
neath shallow depressions and afford no opportunity to draw conclusions 
r^arding quality of the stona The thickness of soil overburden no 
doubt varies, but can be determined only by trenching or boring. The 
quarrying has been carried on for many years, and the only evidences 
of former operations are the remains of a few small intermittent, or 
field, kilns and small excavations in which the rook Is covered by wash 
in soil. One kiln is beside the road that crosses the southwest end of 
the longer deposit, and another is on the northeast side of Limestone 
Creek; but little or no limestone remains exposed at either plaoe. Still 
farther north some prospecting was done, but the soil overburden was 
too thick (15 to 30 feet) for profitable quairying.^^ 

Prospecting for a satisfactory quarry site at any place northeast of 
the railroad, shown on Plate VIII, will require a considerable outlay o£ 
capital for trenching and boring ; subsequent establishment of a quarry 
will involve besides the usual equipment for excavating stone, installa- 
tion of a pumping plant, and either the hauling of the product by wagon 
or truck to Fletcher or Arden, or the laying of a long spur track. So 
far as distance from the railroad is concerned these two deposits are 
more favorably situated than any other in the district except that just 
southwest of Fletdier; but the amount of quarrying or prospecting thus 
far done is not encouraging for further development under present con- 
ditions of the limestone and lime industries. 

Blue Ridge lAme Co. — The limestone lentil which extends for more 
than a mile soutbwestward from Fletcher, Henderson County, is the only 
one steadily worked, and was the only one in operation during August, 
1918. The Blue Ridge Lime Company's quarry and kilns are on this 
lentil about one mile southwest of Fletcher by wagon road, or two miles 
by spur track. The quarry is on the Westfeldt property and is ad- 

"Orml information from CipWn PotMt. 
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yancing northeastward into the Lanee property, now nnder leaae to the 
Blue Ridge Company, where limeetone was quarried as early as 1835. 

The quarry pit in 1916 had a mazimuni length of about 300 feet, a 
width of about 250 feet, and maximum depth of about 40 feet. It ia 
worked on three levela or benches, which follow the strike of the rock, 
each ben(A representing a different grade of rock. The rock is hauled 
up an inclined tramway by cable to the kilns or cruder. There are four 
continuous upright or stack kilns which are fired by a combination of 
coal and wood ; one crusher, one pulverizer, «nd storage bins for crushed 
and pulverized stone, and storage room for barrelled lime. Steam 
power ia used. 

The limestone beds in the quarry dip 60° to 75° southeastward, and 
are classified into three grades : No. 1 and No. 2 for burning or crushing, 
and No. 3 for crushing only. The screenings from the crufiher are pul- 
verized. The three grades of rock are covered by only 2 or 8 feet of soil 
overburden. 

The No. 1 stone forms the eastern half of the quarry. It ia bluish 
white with distinct but not prominent black streaks along the bedding. 
Single beds are from 1 to 2 feet thick. The bedding planes are slickeii- 
sided, and most of the movement due to folding and shearing of Ae 
formation was evidently along them. One bed plane near the southeast 
wall of the quarry coincides with a prominent fissure, or perhaps a bed 
fault, along whose foot wall the rock is somewhat contorted. From this 
bed fissure a branch fissure, rather open and rust^stained, extends 
obliquely upward to the northwest, beginning at the quarry floor and 
reaching the surface at the contact between No. 1 and Kv. 2 stone. With 
this exception the No. 1 stone is free from discoloration and from short, 
irregular fractures. 

Microscopic and chemical tests show the No. 1 rock, if freed from 
black streaks, to be practically pure oalcium carbonate in the form of 
relatively coarse calcite grains (up to 1 mm. in diameter) in a network 
of fine grains (0.1 mm. and lees in diameter). A few pyrite crystals up 
to 0.1 mm. in diameter form thinly scattered inclusions in the larger 
calcite grains. The dark bands owe their color to finely divided pyrite 
in fine-grained oalcite. They also contain a little quartz and consid- 
K^ble feldspar (partly albite and partly labradorite) In rounded and 
irr^uar grains, many with Carlsbad and a few with albite twinning. 
The black streaks cover less than 5 per cent of the etone surface, and 
the pyrite and feldspar and quartz together constitute considerably 
less than half of their voluma The stone, therefore, is a high-grade, 
high calcium limestone, and, owing to its dense texture and freedom 
from minor fractures forms good lump lime. Should special require- 
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meuta justify the added expense, stone free from black streaks oould be 
selected tliat would furnish practically pure calcium carbonate or high 
calcium lime. 

The No. 2 stone in ^e middle of the quany is a oreamy vhitey fine- 
grained dolomite, full of short, partly sealed fractures vhich lie in all 
directions. It is also cut by several major and minor joints or fissures, 
all of which are rusted. The fracture surfaces are partly stained by 
pale yellow films of iron oxide, and the.more open bed planee may con- 
tain a little soft clayey or talcy material. In places the stone itself is 
impi-egnated with enough iron oxide to give it a pale yellowish tinge, 
but chemical teat proves only a very minute quantity of iron to be 
present, either as oxide or carbonate. Under the microscope the rock 
appears of generally uniform grain, the conspicuous grains ranging 
from 0.2 to 0.5 mm. in diameter. Most of them show multiple twin- 
ning. Feldspar (labradorite) and white mica or talc in minute scales 
is very thinly scattered, and pyrite is even more scarce. 

The proctioal absence of iron, except along the fracture surfaces, and 
the scarcity of insoluble impurities render this stone preferable to most 
dolomites or magnesian limestone and to all in N'orth Carolina that 
have been tested, for certain chemical uses. The rock is said to break 
into small pieces, however, and to choke the kiln when burned alone. 
This behavior ia evidently due to the opening of the many small frac- 
tures present in every lump of the rock and perhaps to a too rapid 
heating for dolomite. 

Stone forming the southeast wall of the quarry is also classed as No. 
2 stone. It is said to bum well, but not to make as white a lime as the 
No. 1 stone. 

The No. 9 rock occupies the western 50 to 60 feet of the quarry. It 
is bluish white rock of fine to coarse grain, crisscrossed by films or seams 
of talcy material and much broken by sliekensided and rusted joints. 
In places the talcy seams are an inch or more thick and form networks 
enveloping rounded and lenticular fragments of limestone. Pyrite is 
present in varying quantity, but is most prominent in the more talcy 
places and the slickenside joints, where it forms short vein-like tif^re- 
gates half an inch or more thick. The carbonate portion of the rock 
is mainly calcite. 

Under the microscope quartz is the principal impurity and forms 
small spherulitic or agate-like and vein-like aggregates, as well as scat- 
tered grains. The talc appears as feather-like aggregates that penetrate 
the calcite portion. Other minor minerals are wollastonite (calcium 
silicate) and probably tremolite (calcium-magnesium silicate), which 
are inclosed in talc aggregates. The dark-green patches on some of the 
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talcy aurfaces of specimens suggeste the preeencs of chlorite (magne- 
siuia-aluminimi-iroii silicate). The absence of any considerable quan- 
tity of magneaium in carbonate form eu^ests that although the rock 
originally was a eiliceoua magnesian limestone the maguesia and a little 
of the calcium oxide combined with the silica to form talc and the other 
silicates, leaving the calcium carbonate to recrystallize as calcite. 
Chemical tests on two specimens showed one to contain considerable 
soluble iron (evidently carbonate for the most part) and the other to 
contain only a negligible amount. 

The rock is said to crumble and choke the kiln on burning, also to 
develop black sla^y spots where large pyrite grains or abrogates are 
present. It is therefore used only for crushing, and th© more talcy, 
pyritic material is discarded. The crushed and pulverized stones are 
derived in part from this stone and in part from any Ko. 1 and Ko. 2 
stone that has been broken to sizes too small for ubb as crushed stone. 

An average analysis of all the grades, as represented by the pulverized 
product, ^ows 75.03 per cent calcium carbonate and 21.66 per cent 
magnesium carbonate, total 96.69 per cent. Mr. Qrimes states that 
some etone from the quarry contains as much as 97 per cent calcium 
carbonate. This is evidently No. 1 atone comparatively free from 
black streaks. Were the demand for special high grades of lime suf- 
ficient to justify the extra cost of careful selection, analyees Nos. 34 
and 36, page 151, indicate that No. 1 and No. 2 stone can be selected 
sufficiently free from impurities to satisfy the most exacting require- 
ments. Were unusually pure high magnesium lime in sufficient demand, 
No. 2 stone could be satisfactorily burned in a rotary kiln, where the 
process of burning is not impeded by disintegration of the rock. 

Deposits Southwest 07 Flrtcheb 
Limestone lenses southwest of Fletcher have been worked or pros- 
pected for local supplies of lime at and two miles northeast of Boylston 
in Henderson County, and two miles northeast of Ecusta in Transyl- 
vania County, but most of the few openings are too email and covered 
by fallen soil to give an adequate idea of the extent and quality of the 
limestone as a whole. The quality of the lime, burned mainly for local 
agricultural use, is said to have been excellent. No quarries or kilns 
were in operation during 1918. Outcrops also are verx scarce. The 
quarries at Boylston have been briefly described as follows by Laney.*^ 

"On the land of Mr. J. F. Woodplu, about three-fourths of ft mile a little east 
of Boutb of the Borlston gold mine, Umeetone has been worked for a little over 
200 feet along the strike. The llmwtone apparently contains very little grit 

"W»t«in. r. L., BDd L»n*y, P. B., op. cil„ p. SOB. 
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and 1b of a UoiBh tinge known locally as "blue' Ilmeetone," Oonelderable ct 
this limestone has been burned to lime, Bome of lAlcti baa boon need for 
fertlUzln£ purposes. On the W. B. Allison ta.Tm, tbree-elghtbs or a mile due 
west of the Woodpln guanr, the limestone Is whiter In color and Is known 
locally as "white limestone" to distinguish It from the "blue limestone" of the 
Woodidn quarry. A similar quarry has been opened on Bryaon Ezell's farm 
three miles northeast of AUleon's. Considerable of tbe lime burned from 
this limestone has been used for building pDrposes." 

The deposit northeast of £custa extends along the northwest slope 
of a broad ridge and parallela the road which crosses the divide between 
Silver Oreek and Boylston GTeek. It has been worked four places at 
least, but with one exception the quarry faces are almost completely 
hidden by soil washed down from the tbick overburden. As the strata 
dip steeply southeastward, or into the ridge, development in that direc- 
tion 88 well as downward will increase the quantity of overburden to 
be handled. The eonthemmost and largest quarry southeast of the point 
where Silver Creek crosses the road has a face about 30 feet high, but 
only in a quarter of it is rock well exposed. The rock is dark blue 
dolomitic limestone, much of it stained yellow and brown along mud 
seams, joints, and small tight fractures. To judge from the exposures 
available for study, only lime of inferior quality is to be expected on the 
whole — suitable only for local agiicultural use as well as for mortar. The 
quarry is about three milea from the nearest railroad station. 

Thb quarry in 1918 was equipped with narrow gauge tracks and a 
few cars for conveying the rock to an intermittent stone kiln. Its po- 
sition on tbe slope afforded a fairly good opportunity for the disposal of 
waste. 

For 13 milea from Ecusta southwestward no deposits of limestone 
have been found in the Brevard schist. Three comparatively small 
deposits are distributed through the next seven milee. One of these is 
a mile and a half northwest of Rosman, another about two miles south- 
weet. The third extends for three-fifths of a mile along the lower part 
of Bear Wallow Creek from its junction with Toxaway Kiver, Ac- 
cording to Laney,** the limestone outcrops prominently in the stream 
and on both sides in ridges that rise about 150 feet above the creek. 
Although this limestone is somewhat siliceous, it was for a number of 
years quarried and burned for both building and agricultural purposes. 
No production haa been reported in recent years. 

Jsckaon Conatj 
Impure ciystalline limestone or marble exists at Oan^ Fork, Jackson 
County, but is ho remote from railroads and is of so little commermal 



Digitized byGoO^le 



72 Lmsioirn and Mauls or Nobth Cakoldta, 

importance that it has not been Tinted hj the writer, and no descrip- 
tions of it have been published. A partial chranical analysb of it is 
given in column 96, page 151. The high percentages of silica and 
alumina imply the presence of considerable quartz and mica or feld- 
spar, and that of iron oxide a smaller quantity of black mica, horn- 
blende, magnetite or pyrite. The difference between the total and 100 
per cent is probably accounted for by the alkalieB, potash, and soda, in 
feldspar and mica. Were the atone less remote from transportation 
facilities it would be of interest to prospective producers of Portland 
craneut, as its ratio of silica, alumina, and iron to calcium carbonate 
is only a little too high and could be corrected by addition of a small 
quantity of high-grade high calcinm rock. It may be of some local 
interest as a material hydraulic cement. For agricultural use it has less 
than four-fifths the amount of active lime and magnesia that most of the 
other stones of the state represented by analyses have. 

Cleveland and Gaaton CoddUm 
Gaffnet Maoblb 

Extent. — Crystalline limestone, or marble from a strictly ptf;ro- 
graphic standpoint, forma a linear group of narrow bands extending 
northeastward from Gaffney, past Blacksburg, S. C, across the south- 
eastern part of Cleveland County, N, C, and into Gaston County. It 
lies one-half a mile east of the town of £ings Mountain and pinches 
out about a mile west of Bessemer City. It has been mapped in detail 
by Keith and Sterrett of the U. S. Geological Survey, and because of 
its greatest development, both geologically and commercially, at Gaff- 
ney, S. C, it has been named by tbem the Gaffney marble."" The fol- 
lowing description is substantially quoted from these authors : 

The outcrops are generally obscure, and the majority of them have 
leen prospected by pits or worked by quarries. Most of them occur in 
low ground along the valleys of streams. To the south and east of 
Grover, at the south boundary of North Carolina, there are two lime- 
stone belts, in both of which quarries have been oipened; but from a 
half-mile north of the boundary to Bessemer City only one belt has been 
located. This, as shown on the map (PI. IX) is interrupted for one 
and one-fourth miles about halfway between tho town of Kinp Moun- 
tain and the state boundary. 

The geologic structure in this district as elsewhere in the Piedmont 
and mountain areaa of North Carolina is complicated. The rocks are 

"Keith. A., ftnd Stamtt, J>. B,, U. 8. Ow>L Bnrrs)' Qtol. Atlsi, Qattnet-Kiagt UonnUta 
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upturned hj ioUa «nd the folda are complicated by thrust faults whicli 
extend parallel to the marble belt. Detailed study, however, has shown 
that the marble is the youngest of the fonnatious iu the district and 
rests upon the Blacksburg schist, a formation SOO to 1,000 feet thick 
which varies from a fine-grained graywacke (an impure variety of 
sandstone) to sericite eehiat, named by Eeith and Sterrettj^^ from the 
town of Blackaburg, S. C. Both formations are of probable Cambrian 
age. Near the marble this schist contains increasing quantitiee of cal- 
cite and grades into it. Both the w^ist and the marble are weathered 
to clayey soils and the gradation zone is characterized by a reddish- 
brown very fertile soil. 

The beds as a whole dip steeply to the southeast, and the Blacksbnrg 
schist forms both boundaries of the marble throughout most of its ex- 
tent. In a few places faulte have removed Ae underlying formations 
and brought the Carolina gneiss up against the marbl& This is nota- 
bly the case where the marble belt is ended south of Gafhey by the 
ovetihrust Carolina gneiss. 

The unusually great width of the deposit at GafFney, S. C, is due to 
repetition of the beds by folding. 

Chttracter. — The Oaffner marble Is a rather variable tomiBtlon ranging 
from very fine to medlnm fine grain and from blnleb-grair to white In oolor. 
Most ol It has a BcblBtose or banded etruiAnre made more evident b? the 
presence of ImpurHiee such as mica and hornblende. Outcrops of the □eJfnej 
marble observed In the dIfFerent deposits range from 30 feet to about 300 
feet across in the Wtalsnant quarry, two-thirds of a mile southeast of Grover, 
In South Carolina. There the beds are apparently duplicated by folding and 
have a dip of 35* NW., so that the thickness of the marble formation would 
be less than 120 feet. At least 60 feet of mixed pure and Impure marble ta 
exposed In the large pit of the QafFney Lime Co., but thle Is not the full 
thickness of the formation at this place. 

The purer grades of marble consist chiefly of granular calclte, with small 
qnantltles of quartz, blotlte, or phlogoplte, and tremoUte or other llgbt-ool- 
ored hornblende. In some places epldote and pyrlte are present. Earls Sloan 
has pointed out that the Qathiey marble is highly magneelan In some places, 
one of the upper beds In the Qaftney limestone qnanry carrying 41.19 per cent 
carbonate of magnwlum. The blue marbles have been found to be the purest 
in lime and the white beds carry more magnesia. 

The less pure marbles oontaln qnartz, muscovite (white mica), blotlte 
(black mica) and dark ampUbole, and epidote. In Increasing quantitiee and 
accordingly grade Into calcareous mica and hornblende gneisses and 
schists. Calclte adjusted Itself daring metamorphlsm by a recrystalllzatlon 
of Its numerous grains which do not markedly display schistose structure 
when other minerals are absent. Other minerals of the impure marbles. 

■Op. OIL 
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eucli as mica and hornblende, yielded to metamori>Uc forces and tbelr broader 
and larger dImMiBlona haTe been turned Into approximately parallel po- 
flltloDB producing echlstoslty and. In many casfls, banding also. 

A typical specimen of the limestone near Kings Mountain was taken 
about one-half a mile southeast of the town, where the zigzag road 
crosses the headwaters of Xinga Creek. This rock is dark hluish-gra^r 
and composed of thin bands up to one inch in thickness of finely crys- 
tallized limeatone fleparated by films of dark gray finely micaceous ma- 
terial (phyllite). Parts of it are criscrossed by short white calcite 
veinlets. The thickest layers of limestone seen anywhere along Sings 
Creek did not exceed one foot in thickness. In places the limestone 
and phyllite form alternating layers from one-quarter inch down to 
mere films in thickness, and a few phyllite layers are as much as half 
an inch thick. In thin section a comparatively high-grade limestone 
band proved, under the microscope, to contain considerable quartz and 
white mica, the mica forming streaks and giving a pronounced schistose 
structure. Mica appeared to constitute as much as 30 p^ cent and 
quartz 10 per cent of the rock. Graphite in minute black specks ir- 
regularly distributed along the mica layers is responsible for the dark 
color. Pyrite forms a few irregularly scattered grains up to one-fifth 
millimeter in diameter and partly oxidized. 

Weathering. — In most places the OaHney marble has weathered away rap- 
Idly to the depth of ground water or deeper. Because of this easy weathering 
longitudinal valleys or lines of low gaps and topographic depressions have 
formed along the marble belts. Weathering has taken placa In the manner 
usual with limestone or marble, that Is, by solution at the surface and along 
Joints and assures. In tbls way irregular channels have been eaten through 
the marble and In places only nodular maeses of the rock have been left 
scattered through residual clay. The soils resulting from the weathering of 
the marble generally consist of dark red or brown sticky clay representing 
the decomposition products of the original Impurities of the rock. 

Economic Valve. — Although the rock Is termed marble because of Its crys- 
talline texture, there Is little to give it commercial recognition as a marble; 
as a limestone It is handicapped, at least in North Carolina by the prevalence 
of impurities, and the low position of its outcrops at stream level, which 
involves considerable expense in stripping and pumping for the opening even 
of a comparatively small quarry. 

More than 15 quarries have been opened at different times in this 
limestone belt, particularly in the South Carolina portion of it, but 
only one, near Gaffney, has been worked at all extensively. Operations 
there ceased in 1913 because of the increasing quantity of overburden 
to be removed and the cost of pumping. The other qn»rrieB have been 
worked intermittently, and the stone burned for local use. These w«re 
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oommonly developed from outcrops found in stream beds. At only three 
quarries, all in South Carolina, have modern continuous kilns been in- 
stalled, but no production has been reported from them during recent 
years. 

The quarriee contain bluish-gray and white beda. In some quarries 
two beds of the bluish rock, separated by a few feet of calcareous biotite 
or hornblende schist have been worfeed. Single beds of the bluish rock 
are not more than 10 to 15 feet thick. This rock is said to make good 
lime, but most of the white stone is discarded, presumably 'because it 
contains microscopic impurities or because it is dolomite and doee not 
burn well under the conditions that yield good, high calcium lime. Some 
of the atone unfit for burning has been used for local construction 
purposes. 

A few places may be mentioned as comparatively favorable quarry 
sites, flo far as drainage ia concerned, but in the general absence of out- 
crops nothing can be said r^arding the quality of stone at them. It 
should be superior to that described on page 73 to be of economic im- 
portance. These sitee are ea'St and northeast of the town of Kings 
Mountain where the limestone belt croeses the slopes of creek valleys. 
The most favorable site is on the steep slopes of the 'short branch valley 
on the south side of Abemethy Creek, one and a half-miles northeast of 
the town of Kings Mountain. This place is only two-fifths of a mile 
from the railroad and can be connected with it by a spur track of easy 
grade. The other sites are now under cultivation and it is probably 
more economical under present conditions for the owners to buy what 
lime they need than to go to the expense of opening quarries for local 
trade or to compete with present producers for more extensive markets. 

LiMBSTOITE AT KmOS MoUKTAlN GOLD MlNE 

Crystalline limestone, or marble, of variable character forms a bed 
of considerable size in the Carolina gneiss at the Kin^ Mountain 
gold mine. It is of medium to fine grain, of white to gray color, and of 
dolomitic composition. It has never been quarried, and, as shown by 
the map (PI. IX), is too far from a railroad to be of more than local 
interest. 

LIbcoIb and Catawba Conntles 

Deposits of dolomitic limestone in Lincoln and Catawba Counties, 
presumably northeastward continuations of the (Jaffney marble belt, 
were worked intermittently in a small way several years ago, but as 
available information concerning them indicated ihat they were remote 
from transportation lines and of little importance, even for supplying 
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local demandB, thej were not visited hj the present writers. A manu- 
script report made on two of these quarries in 1917 by John E. Smith 
for the State Geologist is here quoted: 

Old Liusstohx Quakbt of Catawba Courtt'" 
From the town of Maiden, south of Newton, extending in a north- 
easteriy direction to the Catawba River or slightly beyond it, lies a 
narrow belt of crystalline rocks in which there is a series of outcrops of 
dolomite. One of these described in this report occurs five miles south of 
Catawba station, on the Trullinger estate and is known as the "Old 
Limestone Quarry of Catawba County," having been worked intermit- 
tently for more than half a century. Thie is in the Piedmont Belt and 
on the western margin of an elongated area of Triassie and crystalline 
rocks that extend southward through Lincoln and G«ston Counties into 
South Carolina, 

The outcrop occurs in the bed of a small headwater branch of the ^orth 
Fork of Mountain Creek and along the bottom of the narrow valley of 
this stream. It is in this position chi^y because the dolomite responds 
more readily to the agencies of weathering and erosion that have formed 
the valley than do the more resistant schists on either side of it. The 
direction of the stream here parallels the strike which is south 20° west 
by north 20° east. The dip is toward the northwest and varies from 16° 
to 60°, averaging between 30° and 40°. 

Gehebauzsd Sbction 
9. Schist, in part talc and chlorite. 
8. Dolomtte, Impure, brown, streaked wtth Iron, fins grained ctts- 

talllne, irr^ular in extent, exposed 4 feet 

7. Dolomite, Mne with eome white Irregularly mixed 8 " 

6. Dolomite, with thin streaks or dark blue and white, givlnt; a gn^B- 

sold appearance 2 " 

G. Dolomite, One grained, cirstalllne, compact, whits, with a mixture 

of dark blue, not fully exposed 6 " 

4. Dolomite, white, much like 6 with lees Impurity S " 

3. Dolomite, white with numerous quartz veins 4 " 

2. Dolomite, a mixture of the dark and white 6 " 

1. Dolomite, white In part, poorly exposed 2 " 

0. Schist, QuartEose in part. 

The variations in color indicate impurities, in part iron and organic 
matter, which occur as very thin streaks, small flat lenses and to some 
extent as granules promiscuously distributed. The dolomites are fine 
grained and crystalline throughout and are generally compact and solid. 

*nili mtj b« tha Famll qnairr repnauiUd b; knalfili No. BT, ptgt IGl. 
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The specific gravity of the white is 8.795 ; of tJie mixed dark and white, 
2.81 ; of the dark blue, 2.84. NumherB 2, 4 and 5 of the generalized 
section are of good quality and relatively free from impurities. The 
section given is composite. This with the limited number and extent of 
eipoeures, and the irregularity of the beds makes the estimates some- 
what inaccurate. 

The rock is exposed in the quarries and in the bed of the cree^ on the 
east. Its length is approximately 500 feet and its width varies from 30 
to 60 feet. The available stone has been removed from approximately 
four-fiftbs of this area and much of that used has been taken from below 
the level of the ground water to a depth four to ten feet. The outcrops 
clearly exposed range from the water table to six feet above it with an 
average of possibly four feet. 

Teste and analyses show that very nearly one-third of tiie dolomite 
consists of magnesium carbonate (MgGOg). Of the dark blue dolomite 
30 per cent is insoluble matter and 15 per cent to 20 per cent of insol- 
nble matter was found in the white and mixed dolomite.*** This leaves 
but little more than oue-third of the blue rock for use as a soil amend- 
ment and only h^ of the white and mixed colored dolomite. 

A careful estimate shows that approximately 300 tons of dolomite of 
good quality are available above the ground water level and it is probable 
that 1,000 tons more could be secured by lowering the water in the 
quarry with a siphon or pump. 

The overburden is four to eight feet thick and consists of soil, silt, 
and fragmental rocks with numeroiis trees six inches to a foot in 
diameter, also thickets of vine and shrub. A large part of the stripping 
removed from the exploited porti<m of the area now lies over the remain- 
ing part of it. 

There are three lime kilns in the side of an embankment near the 
quarry; one of these has been used within the past year and is in fairly 
good condition. The elevation of the top of the kiln is about 25 feet 
above the upper surface of the dolomite in the quarry. 

The Shufobd Limb Qdarbt. 

This is located about eight miles south of Catawba station in Catawba 
County. It is about two miles south of Edith where the road crosses 
from North Fork of Mountain Creek. The part of the old Shuford tract 
on which it is located is now known as the Johnson place. 

The old lime kiln, now in ruins, is on the bluff by the roadside about 

"inBlabli" an mnch higlu 
Ko. ST, ptge ISl) of iton 
* qoarrr han deKribad.— 
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150 ^ardfl norUi of the bridge find tlie qnany site was evidently along 
the creek at the foot of tKe bluff There a small outcrop of dolomite 
bearing drill marka can now be seen. Moat of the quarry haa been filled 
by a number of alluvial fans partly overlapping and apparently 4 to 8 
feet deep. These fans extend from the foot of the hill to the creek (8 
to 12 yards) and are now covered with young trees that have grown up 
from stumps. The valley here ia about sixty yards wide. 

The rock seen is a white to dark dolomite, massive, thick bedded, and 
is best exposed in Korth Fork about 15 yards above the 'bridge where 
it has a thickness of 10 feet more or less. The strike here is south 20° 
to 90° W., and is nearly normal to North Fork whwe it crosses it, and 
nearly parallel to the steeip bank which was probably a part of the old 
quarry face. The dip ia to the west 65° to 75°, and under the hill. 
Practically all of the dolomite has been removed to the level of the water 
table. This rock is cut by dikes of basalt and ia in contact with amphib- 
olite schist above it. The amphibolite occurs below it also but the con- 
tact is covered, tihe two being 50 or 60 feet apart where observed nearest 
together. The dolomite, therefore, may be much thicker than that 
seen in the outcrop. 

The Shuford Quarry once was worked by Mr. McNinch of Charlotte, 
for tombstones, which were sawed from quarry ^blocks at a mill on the 
property.*^* A sufficient analysis of the stone was made to indicate its 
dolomitic character. 

Kbiwbb Quabbt 
To the flonthwest of the Shuford quany and about 8 miles southeast 
of Lincolnton ia the old Keener quarry in Lincoln Oounty. No stone 
has been quarried at this locality for a great many years. The lime- 
stone is dolomitic and ia of blue and white varieties. This deposit was 
examined by Mr. John E. Smith, who reported that no dolomite is now 
exposed in the quarry except at the creek and its branches. There is 
an overburden of from 5 to 25 feet with no favorable place for its dis- 
position. On account of its location, if quarrying is carried on here it 
would necessitate continual pumping during excavation of stone. The 
limestone contains from 50 to 75 per cent of calcium carbonate and as 
high as 12 per cent of insoluble residue. An analysis of this rock made 
in 1893 is given in colunm 36 of the analysis on page 151. 

FiNOKK QUARKY 

Four miles east of Lincolnton in the same belt of dolomitic limestone 
as the Keener quarry is the Finger quarry. Little is known regarding 
"LMMt fram W, A. Ora^m to J. H. Pratt, 8U(a 0«olocirt, Deembtr 37, 1»1«. 
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thu quarry except that when iron ore was being mined in that section 
of the county this quany produced a certain amount of limestone. 
Analysis of the ore showed that it contained 30.9 per cent of lime and 
13.5 of magnesia. Analysis of thi« limestone is given in column 37 
page 151. 

Stokes and Tadkln Conntleg 

There are several other small deposits whose location or quality 
renders them of very little commercial value, and which it did not seem 
worth while to visit. One of these near Qermanton, Stokes County 
ifl a bed 40 to 50 feet thick, and was worked at the Bolejack quarry to 
supply lime for local use and for burning into lime prior to the Civil 
War. It is said to underlie a flat area beneath considerable overburden. 
Pumping will therefore be necessary, as will the improvement of three 
miles of rough road which separates the quarry from the railroad. 

A deposit on the south (Yadkin County) side of Yadkin River near 
Siloam (Surry County) was worked a few years ago by the Lime Rock 
Lime Company, The rock was conveyed by cable to a pulverizing plant 
on the north bank of the river. The plant was destroyed by a flood in 
1916. 

Orange, DnrhaM, and Wake Csantles 

Aa reported by W. C. Kerr,'"* former State Geologiat of North Caro- 
lina, "there are frequent outcrops of a bed of marl and impure limestone 
two to four feet thick over a territory of 15 or 20 square miles, the nearly 
horizontal strata coming to the surface in ravines and gullies and ex- 
posed in ditches, wells, etc. Near Brassfleld turnout, on Mr. W. Ro- 
chell's place, is an exposure of nearly 4 feet of alternate thin beds of a 
compact light gray and red arenaceous limestone, with strata of nncom- 
pacted brick red, marly clay between. This middle portion contained 
24.07 per cent of carbonate of lime and 7.52 carbonate of magnesia. 
. . ■ The upper indurated strata contained more than 90 per cent of 
carbonate of lime and the lower about 60. . . . Lime was made at this 
point during the war (Civil War) and used for building purposes in 
Raleigh. And some 40 years ago (about 1835) a few kilns were 
burned for the same purpose at a point a few miles southeastward. 
There is an outcrop of a very similar character at Mr. H, Witherspoon's, 
S miles east of B." 

■Ooolofy of Korlh CkroUnt, Vol. I, 18T6, p. 187. 
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LIMESTONE AND MARL OF EASTERN NORTH CAROLINA 

Bt B. W. Bebbi ard J. A. CosHUAK 



INTRODUCTION 

In the early history of North Carolina before the development of 
adequate traDq>ortation facilities, each locality was essentially self-sup- 
porting and as for over one hundred years after its foundation the state 
contained no towns over one thousand inhabitants, it is obvious that the 
considerable population was rural and devoted to agricultural pursuits. 
After the land was cleared and tilled, the only sources available to pre- 
vent its deterioration were local supplies of fertilizers, namely: stable 
manures, marl beds, and muck or peat deposits. Consequently all the 
better farmers in areas where marl was present opened pits and used the 
marl for top dressing. 

The extent of the interest in natural fertilizers may be gathered from 
the space devoted to this subject in Kerr's Qeology of North Carolina, 
published in 1873. Kerr's report or the earlier reports of Emmons give 
an admirable portrayal of the extent to which marls were utilized in the 
early days. During the last two decades of the last century the develop- 
ment and diversification of commercial fertilizers proceeded simulta- 
neously with improved means of communication. The ease with which 
such fertilizers or burnt lime could be secured and their more satisfactory 
results for special crops, or as compared with some of the lower grade 
native marls, led to the gradual disuse of the marls by the farmers of 
the state except in a moat desultory way. 

The present demand for farm products, combined with the shortage 
and consequent high prices of lime and commercial fertilizers and the un- 
paralleled pressure upon transportation facilities, has led to a reawaken- 
ing of interest in the native marls, information regarding whidi is set 
forth in the following pages. It should be clearly understood that none 
of the marls of the state are true fertilizers except to a very slight 
degree, and they contain none of the more important plant foods, such 
as nitrates. They are to be looked upon as soil correctives both as re- 
gards its chemical composition or sourness and its physical composition 
or texture. When used in conjunction with green manurea or swamp 
muck marl not only eliminates acidity and non-workability but facili- 
tates the composting and the chemical activity of the organic manure 
and in this sense it may be regarded as a fertilizer. 

« I8IJ 
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AKEA COTEBED Bt THE BEFOBT 

EaBtern N'orth Carolina, as limited in the present report, comprises 
that part of the state known as the Coastal Plain. This physiographic 
division is a segment of the hroader province of the same name which 
borders the Atlantic from New England to Mexico. In North Carolina 
that part of the Coastal Plain above tide ranges in width from 100 to 
135 miles, extending westward from the present coast to the Fall line 
which forms its western boundary, dividing the unconsolidated rocks of 
the Coastal Plain from the hard crystalline rocks of the Piedmont 
Plateau which borders it on the west. The Fall line is a sinuous bound- 
ary extending from the falls of the Roanoke at Weldon southwesterly 
to Anson County, marking the head of navigation of the principal 
streams and a rather sharp change in altitude, soils and geological 
structure. The Coastal Plain embraces about two-fifths of the total 
area of the state, being over 20,000 square miles in extent, and including 
all or parts of forty-two counties. The country is prevailingly low and 
flat, particularly the eastern counties, rising gradually westward as a 
series of more or less dissected terraces to a few hundred feet above tide 
in the "sandhill' country along the Fall line. 

Geologically the Coastal Plain is the youngest portion of the state 
and its rocks and soils are, for the most part, unconsolidated clays, sands 
and marls, deposited as sediments in the marginal waters of the seas 
which at various times in its history covered more or lees of this region. 
These sediments range in age from Cretaceous to Recent and such parts 
of them as have escaped erosion form the surface of the country in the 
areas shown on the accompanying map, PI. X. 
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flEOLOfllCAL FOBHATIOVS OF EA8TEBN NORTH CABOLINA 

The following table gives the sequence of Coastal Plain formations in 
North Carolina that are recognized at the present time by geologists, 
arranged in order from youngest to oldest : 

Genozolc. 



Recent I^efetocene 

Tertiary : 

PlHHjene 

Miocene 



Pamlico formation.... 
Chowan formation.... 
Wicomico lormatlon. . . 
Sunderland formation. 
Coharle formation 



"Lafayette" formation. 

Waccamaw formation. 
f Yorktown formation., l 
[ St. Mary's formation.. J 



Columbia group. 



I Duplin Uarl 

I NeuKBiver 



Cr«taceouB: 

„ [ Poe Dee formation. 

Upper CretaceouB .. . | gUck Creek formation 

Lower Cretaceous Patuxent formatioa 

Of these only the following are known to contain beds of marl : 
Cenoiolo. 

i Pamlico formation. 
Chowan formation, 
pljooene Waccamaw formation. 

I Yorktown formation. 
St. Mary's formation. 
Duplin marl. 
„ t Castle Hayne llmoBtone. 

^^°"« I Trammel. 

MeaoEoic. 

Upper Cretaceous Pee Dee formation. 

CHAKACTERISTICS OF MABLS 

A marl may be defined in a general way as a calcareous of glauconitic 
clay or sand. It is impossible, however, to give a strict definition since 
in popular, and even scientific usage, the term "marl" has been applied 
to a great variety of soft earthy sediments or weathered rock materials 
that have been used, rightly or wrongly, for the top dressing of farm 
lands. 
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Usually, but not always, lime is present in the form of calcium carbo- 
nate or calcium phosphate. PoBsibly it would be proper to consider any 
soft rock with from twenty-five to seventy-five per cent of lime as a true 
marl. Below twenty-five per cent the material would pass into a clay 
OP sand while above seventy-five per cent it would pass into an argilla- 
ceous limestone. However, both in North Carolina and elsewhere such 
an argillaceous limestone if sufficiently uncompacted may be properly 
classified as a marl. 

The lime may be present in a finely divided state or in the form of 
more or less perfect or fragmentary shells and bonea. If the shells con- 
stitute a considerable percentage of perfect or but slightly water worn 
forms the marl is commonly called a shell marl. Shell marls naturally 
vary through wide limits as to the proportion of calcareous ingredients 
to clay and sand, and this is notable from locality to locality in beds 
belonging to a single geological formation. 

Thus the Waccamaw marl exposed along the Lower Cape Fear River 
(Walkers Bluff, Neills Eddy Landing) and in western Brunswick 
County, may consist almost entirely of shells and shell fragments and 
analyze between 80 per cent and 90 per cent of calcium carbonate, or the 
shells may represent such an inconsiderable element as shown in adjoin- 
ing bluffs along Cape Fear River that the material is practically a pure 
sand of do agricultural value. 

The shell marie of the Yorktown formation which are exposed in a 
narrow belt extending from Gates to western Beaufort County are simi- 
larly made up of sheila and shell fragments in a usually sandy matrix. 

Shell marls, where the percentage of lime falls below 75 per cent and 
in which the matrix is sand, are of slight value on the lighter soils of 
the state that are already too sandy and non-retentive of soil moisture, 
but may be used advantageously on heavy "black land" where they not 
only correct the acidity of the soil but greatly improve its texture and 
physical condition. Similar comment applies to the marls of the Duplin 
formation which have boen utilized for agricultural purposes in Duplin, 
Sampson, Robeson, Bladen, and Columhus counties. 

The marls of the St. Marys formation, on the other hand, while fre- 
quently similar to those just mentioned and of admirable quality, more 
often have the shells and shell fragments embedded in a clayey matrix, 
as in numerous outcrops in Bertie, Edgecombe, Pitt, and Qreene counties. 
These clayey shell marls, frequently termed blue marls, are not suitable 
for use on heavy soils since they disintegrate slowly and do not improve 
the physical character or workability of the soil. On the other hand, 
they may prove of benefit when applied to light sandy soils naturally 
deficient iu loamy constituents. See Plate XV, B. 
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The green sand marls found along Tar River, Contentnea Greet, 
Northeast and Cape Pears rivers, and commonly called blue marls in the 
area of their outcrop in North Carolina, comprise greenish deposits 
ranging from clays to aand^ containing the mineral glauconite, with or 
witboat fossil shells or shell fragments. 

Green sand marls were widely used in agriculture in the states to the 
north of Carolina, particularly in New Jersey, before artificial fertil- 
izers came into vt^e. Green sand marls have been found at many 
geological horizons but are especially characteristic of the Upper Creta- 
ceoTie and Eocene of the Atlantic states. They sometimes contain as 
much as S per cent or ^ per cent of potash. These so-called blue marls in 
the North Carolina area are much less rich in glauconite than are the 
corresponding beds in New Jersey and Delaware, and are largely dark 
sandy clays. The highest percentage of potash known in any North 
Carolina deposit is 2.96 per cent, shown by a green sand found on Con- 
tentnea Creek about six miles above Grifton. 

In general, it may be said that these Upper Cretaceous green sand 
(blue) marls do not promise satisfactory results and their use is not to 
be recommended. 

The availability of high-grade marls is more or less limited by the 
transportation problem, but the numerous railroad lines and long 
stretchea of navigable rivers and protected aounde nuke possible the dis- 
tribution of the product over a wide area feasible at a reasonable cost. 

USES OF HABL 
HetliodR of Use 

1. In Raw State as Direct Surface Dressing.— In earlier days when 
slave labor was available quantities of marl were dug directly on the farm 
or nearby and applied broadcast to the land. With changed conditions 
after 1865 this seems to have been greatly checked, but at the present 
time marl is used to a considerable extent, generally, however, without 
knowing its percentage of lime or without determining the acidity or non- 
acidity of the land by means of the simple litmus paper tests. The 
marl is usually dug in the fall of the year from shallow pits when the 
water table is lowered. It is then thrown out and piled about on the 
surface to be applied before ploughing in the late winter or early spring. 
Thia surface application certainly produces an improved condition of 
the soil and lasts for a number of years. The improvement produced 
depends on the amount of available material in the marl and this, as will 
bo seen, varies greatly in differait formations and in different areas. 

2. As Ground Product on Land or in DnU. — ^Wbere marl of a high 
grade is available it is in certain places ground to a fine mealy condition 
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and either applied directly to the land or used as fertilizer in the seed 
drill. By the grinding process the fineness of the material makes it more 
rapidly available for the crop by rendering it more readily soluhle. It 
is more easily distributed through the soil and its mechanical action is 
more even. Small mills arc used on some farms for grinding the 
product for local use. The larger producing plants use mills of greater 
capacity for grinding their commercial product. 

3. As Ground Product as Filler for Commercial Fertilizer. — A certain 
amount of the highest grade marl is ground and sold to fertilizer com- 
panies as a filler to give bulk to their product and to make available a 
certain desired lime content in special grades of commercial fertilizer. 

4, Miscellaneous. — Besides the foregoing uses directly on the land for 
agricultural purposes, marl has other local uses. 

In many places the lower grade shell maris have been used in treating 
the surface of highways and are to a limited extent useful in this way. 
Lack of wearing and binding power seems in most cases to allow the 
surface thus made to be easily blown away as it becomes dry and finely 
powdered by wear. Its use for this purpose does not se^n to be increas- 
ing nor can it be recommended. 

The high percentage of lime in certain marls has made them the sub- 
ject of experimentation aa a source for burnt lime. This does not seem 
to have proved the expected success where it has been tried. The amount 
of silica and other impurities in most of the marls would make them of 
questionable economic use for this purpose. 

Some use has been made of marl as an ingredient in the manufacture 
of Portland cement. Available analyses of maris in North Carolina, 
however, show that they are not adapted for this uae."* 

Another use made of marl in the past few years has been the neutrali- 
zation of acid waters from industrial plants. Marl for this purpose 
should have a very high content of calcium carbonate and be so situated 
that it can be more economically obtained than pulverized limestone or 
buined lime. 

Cnases of Limited Use 

1. Loch of Knowledge and Available Informatioru — While there are 
bulletins advocating the use of marl, these do not apparently reach all 
the farming population who could make use of them. The tenant farmer 
especially does not always have the knowledge of the use and availability 
of marl that be should have to make a successful use of his opportunities. 
This information could be given wider scope through county agencies, 

•^ekal. E. O., PorUand ceinsnt mRlariali and indiutrr In Uie tJDHad SUIm: U. S, OmL 
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especially among those farmera whose opportunity to read ia slight. There 
also seems to be a definite prejudice against locally produced materials, 
especially where a price is attached. 

2. Limited Occurrence of Jligh-grade Supply at Surface. — Although 
many farmers know that their land is underlaid hy a good quality of 
marl, the amount available at the surface or near enough to make digging 
feasible may be small. The usual information cornea to them from 
surface ontcropa or through marl struck in ditching operationa. The 
amount of overburden very largely determines local use of even high- 
grade marb, for the labor expended in digging may seem to offset any 
gain from the use of the marl after it is made available. 

3. Shortage of Labor. — Moat of the marl produced for local use must 
be dug during the late fall after harvesting crops and while the ground 
is fairly dry so that the water table is lowered. At this aeaaon labor on 
the farm is not so fully employed and extra labor can be obtained. 

In the case of the commercial production by the larger plants the labor 
problem ia also very much complicated by the need of farm labor through 
a large part of the year. Such companies try to produce ahead during 
the fall and early winter, taking advantage of the excess labor at that 

The demand for the commercial product is almost entirely limited to 
the late winter and early spring. Unlesa production and storage can 
anticipate this demand the amount of available commercial product is 
strictly limited hy the amount of labor available during the shipping 
season. 

At the present time, owing to the effects of the war, labor in the South 
as well as in the otlier actions of the country has become an acute prob- 
lem, an in the commercial plants labor-aaving machinery must be used 
as far as possible to offset the lack of laborers. During the past season 
the producing companies could not fill their orders, partly because of 
labor conditions and partly owing to lack of cars for transportation. 

4. Instability of Producing Companies in Past. — In the past few years 
a number of companies have been formed to produce marl in a commer- 
cial way. Because of the low-grade product or through various miafor- 
tunes of busineaa, most of these have ceased production. Such inata- 
bility has naturally produced a certain amount of distrust of commer- 
cially produced marl and of newly formed companies for such pro- 
duction. The remedy for this is, of course, for producing companies 
to safeguard the quality of their product in every way and to proceed 
in their business on the basis of continued orders from satisfied custom- 
ers; also to form companies to produce marl for an extraided period 
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rather than from the point of view of the promoter. Real business 
principles applied to developing marl products ahould stabilize in a 
great degree the entire problem from the buBiness point of view, and 
would soon command greater confidence from the consumer. 

5. Ease of Use and Availahility of CommercuU FertUtzera. — More 
than any other cause in reducing the use of marl has been the ease of ob- 
taining fertilizers, especially "special crop" fertilizers. With these deliv- 
ered at the nearest freight station it has been possible to save much labor 
and at the same time to provide all the crop requirements at one time. 
With shortage of labor and increased prices for farm products the farmer 
cannot be blamed for saving himself all he can in time and strength. 
The fertilizer acting at once and for definite crops is a better gainer of 
quick returns. With the greatly increased price of all fertilizers and the 
difficulty of obtaining certain elements of plant food, marl as a cheap 
and available dressing is coming again into favor. The demand for it 
should increase rather than diminish und^ present conditions. 

The problem of using a high-grade ground marl vs. digging and haul- 
ing low-grade marl, especially with the present labor shortage, is a live 
and important one. With the increased use of machinery in handling 
marl in the commercial plant and the greater demand for labor on the 
farm for actual crop requirements, it will often b© of advantage to the 
farmer to use the commercial product. He should know the actual cost to 
himself of digging and hauling the unground marl dug on his own land. 
He should also know the available amount of lime and phosphoric acid 
in his local marl and the cost per unit on his land compared with the 
relative cost of the same elements of plant food in the commercial pro- 
duct when delivered. For this purpose each user should know the 
analysis of the marl he is using from the local supply and compare this 
with a good commercial grade. Cases have been noted where a low- 
^ade marl was being used which, when the cost of digging and hauling 
were added to the fifty cents per ton paid the owner, made the actual 
return unduly expensive. Such considerations should be taken into ac- 
-count and actual costs computed. One case was observed where a low- 
grade of Torktown marl was being used while within a few hundred 
feet a much higher grade of Trent marl was also being dug and used. 
The cost of getting each of these to the land was about equal. 

Effect of WMer Use of Loe*! Marls om Problems of Transportation 

With present conditions of transportation both by rail and water the 
use of local products is a very great advantage. It should save a great 
deal in expense to the consumer and mean the release of cars and vessels 
for other work. With the proper development of commercial marl 
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plants a haul of fifty or one hundred miles would supply a large part 
of the three areas already mentioned in the eastern part of the state. 
By the full use of available water routes this might be still further 
reduced. Any development at the present time which helps to release 
transportation facilities is certainly a great help toward a successful 
meeting of the complex problems of reconstruction and rehabilitation 
which the whole world is facing. 

Idesl Locations for Commercial Plants 

For Rail Transportation. — A study of the map of the eastern part of 
^orth Carolina where marl in quantity is available will at once show 
the relations between the marl deposits and railroads. There are two 
centers from which rail lines radiate from water terminals. These are 
New Bern on the Ifeuse River and Wilmington on the Cape Fear River. 
From each of these radiate five or six railroad lines, only one of which 
is common to the two cities. It is obvious that marl could be shipped 
by rail from these terminals to all points in the eastern part of the state 
supplied with rail facilities. 

Other available deposits near any of these main lines of railroad could 
by means of spur tracks or sidings be made available, but not for such 
wide distribution with as little difficulty. 

The vicinity either of New Bern or Wilmington would then hold a 
special advantage for ramified rail shipments to a considerable part 
of eastern North Carolina. Other locations would have a consequent 
disadvantage for diverse shipments over a wide territory. 

For Water Transportation — Of those centers available to water trans- 
portation New Bern holds an exceptional place. From New Bern it is 
possible to reach nearly all the eastern counties by wat«r without going 
outside of protected waters. From the Cape Fear and New rivers 
recourse must be had to the open sea, and the Pamlico and Chowan rivers, 
although equally available to protected waters as is the Neuse at New 
Bern, are not in the region of Eocene or the I>iiplin marls and have 
available only the Torktown or, further up the rivers, the St. Marys 
maris. 

From Wilmington the Cape Fear River and its tribataries furnish 
inland waterways for transportation for considerable distancee. From 
New Bern the Neuse and Trent rivers also give a considerable length 
of navigable waters. 

Both from rail and water transportation viewpoints then New Bern 
and Wilmington fumiah the beet centers for wide transportation of 
commercial marl products. 
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HABLS OF THE UPPER CRETACEOUS 

The Upper Cretaceous formationa of North Carolina comprise the 
Black Creek formation below and the Pee Dee formation above. The 
Black Creek formation consists of thinly laminated clays and sands. 
The latter often have a greenish tinge, but contain only traces of glan- 
conite and are never fossiliferous enough to have a high content of 
calcium carbonate. Hence this formation is without workable marl. 

The overlying and younger Pee Dee formation, as may be seen on the 
accompanying map, occupies a belt of country extending from Greenville 
in Pitt County southward into South Carolina and widening toward the 
southward until, along the Cape Fear River, it has a width of outcrop 
of about forty miles. Outcrops have been observed in Pitt, Greene, 
Lenoir, Duplin, Pender, Bladen, New Hanover, Columbus, and Bruns- 
wick counties. 

The Pe© Dee formation consists predominately of compact gray to dark 
green micaceous and more or less argillaceous sands, sometimes slightly 
glauconitic and in places carrying thin beds of concretionary masses high 
in calcium carbonate. The Pee Dee is well exposed in the bluffs along 
Cape Fear River from Donohue Creek Landing, fifty miles above Wil- 
mington, to near the mouth of Black Kiver. The possibilitiee of the 
Pee Dee green sands were discussed at length in Emmons' account of 
the Agriculture of the Eastern Counties (pp. 91-100) published by the 
state in 1858. The Pee Dee sand seldom contains as much as 30 per 
cent of calcium carbonate and usually the amount is much less. They 
contain traces of phosphoric acid and potash. They also commonly 
contain considerable pyrites or other salts of iron whose action is dele- 
terious to v^etation. Moreover, the percentage of silica in the form 
of sand is high, running at times to over 90 per cent. 

The shortage of potash throughout the United States since 1914 has 
led to a vigorous search for new sources of supply. While potash is 
widely disseminated in the rooks of the earth's crust, it usually forms 
but a small percentage of their composition. The great extent and 
thickness of the green sand marls has led to an active interest in and 
investigation of their possibilities. These marls are found in accessible 
beds from New Jersey to Arkansas and Texas, and it has been found 
(See Ashley, G. H., Notes on the Greensand deposits of the Eastern 
United States, U. S. Geological Survey Bulletin 660 B. 1917) that the 
deposits richest in potash are those of New Jersey and Delaware, and 
that the potash content in the green sand marls of Maryland, Virginia^ 
and North Carolina decreases southward. Most of the marls of the 
Pee Dee contain a trace : A sample from Black Rook Landing on Cape 
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Fear River showed 1,43 per cent, another from Kinston .23 per cent. 
The samples richest in this element were from Oontentnea Creek near 
Grifton and three samples showed respectively 1,35 per cent, 1.37 per 
cent, and 2.96 per cent. The latter sand was especially rich in the 
mineral glauconite, which in general, a detailed examination of the 
marls of the Pee Dee formation has shown to be preaent in very small 
amounts. 

The conclusiott ia reached that the Pee Dee marls, because of their high 
percentage of sand, their small amounts of lime, phosphoric acid and 
potash, and the frequent presence of deleterious salts of iron, are not 
suitable for marling agricultural land, at least the benefits likely to 
accrue are not worth the risk of burning or the cost and labor of digging, 
transporting and applying them. The Acme Fertilizer Co. dig the 
Fee Dee sand and use it as a filler for commercial fertilizer. Their works 
are at Acme on the Seaboard Air Line, about 18 miles northwest of 
Wilmington. Their pits are on the southern edge of the town. The 
Pee Dee is here a compact greenish sand with a thickness of at least 25 
feet, with an overburden of 20-25 feet of sand and Waecamaw shell 
marl. It is dug by steam shovel and delivered to the mill over a spur 
track. 

The following partial analysis"' of a sample from this outcrop shows 
the approximate composition of the Pee Dee as it is developed in the 
southeastern counties of the state: 



J2.04 

A complete analysis of a sample from Black Hoek Landing as reported. 
by Emmons showed: 

AnalfslB of Feedee Sand From Black Rock Landli^ 

PirOimt 

Silica •. 3S.46 

Alumina 6.* 

Carbonate of lime '. 33.4 

Phosphoric add l.S 

Carbom&te of magnesia 13.8 

Potaah 1.48 

Soda 2.18 

Organic matter 1.6 

Water 1.8 

100.41 
1)1. B. W. KUscn, tnalrft. 
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HABL8 OF THK EOCENE 

Two formations of Eocene age are recognized in North Carolina. 
These are the Trent marl and Caatle HaTne limestone. The oldest of 
the two, the Trent, received its name from the exposures •£ its strata 
along Trent River from Trenton to New Bern, It consists of beds of 
marls, limestones, sands, and siliceoiu limestones, and was deposited in 
the Eocene sea which spread a mantle of marine deposits over this part 
of North Carolina as far westward as Wake and Harnett conntiea. 
Most of these more western deposits were almost entirel; removed by 
erosion subsequent to their deposition, and for the purpose of the present 
study the Trent formation may he considered ae occupying a compact 
area extending from the Neuse River near the mout^ of Contentnea 
Creek to the vicinity of New Bern and southwestward to eastern Duplin 
and northern Onslow counties. It underlies practically all of Jones 
County and parts of Craven, Lenoir, Duplin, and Onslow counties, with 
disconnected patches in Wayne County southwest of Goldsboro. 

The limestones and marls of the Trent formation are made up of 
shells and shell fragments of molluaca, sea urchins, and bryozoa, and 
may be loose or consolidated into a compact limestone, the "atone" marl 
of Emmons' report. The latter may be full of shells or these may have 
been largely removed by solution or replaced to a greater or lees extent 
by silica. Such silicified limestones are commonly known as bnhrstones 
and were formerly utilized for mill stones, for which they are admirably 
suited. They have also been used as building materials for walls, foun- 
dations, etc. They are excellent for such purposes as may he noted in 
the walls and gate of the cemetery at New Bern which has succeesfully 
withstood the weather for over half a century. Trent limestones of this 
sort may be seen at Spring Garden and Bock landings, and in the Sar- 
pony Hills along Neus^ River and at Rock Spring, White Bock Landing, 
and near Trenton on the Trent River. 

Where these hard Trent limestones are not'completely silicified but 
contain a considerable percentage of lime they make ^ccellent road 
material, a subject that will be referred to on a subsequent page. 

These limestones have at various times been burned for lime as south- 
east of GoHsboro and along Trent River, but they have not proved 
satisfactory for that purpose. 

While the Trent underlies the stretch of country indicated above it is 
seldom seen except along the larger streams or by digging in the bottoms 
of the smaller waterways, since the country is usually so flat that it is 
generally concealed from view by a mantle of soil and subsoil. In respect 
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to the excellence and quantity of the marls, as well as their accessibility, 
the Trent formation is the most important of any of the geological 
formations of eastern North Carolina. 

The Castle Hayne formation is lithologi<;aUy much li^e the Trent 
formation, consisting of marls, Hmeetones, sands and clays. In general, 
it is more thoroughly lithified than the Trent and not availahle for 
agricultural purposes without grinding. It frequently contains a thin 
bed of phosphatic pebbles at the base which in any grinding operations 
would appreciably increase the content of phosphoric acid. It has not 
. been used to any great extent as a marl, although often of admirable 
quality, but has been extensively utilized in the past aa a source of road 
material around Wilmington, The Castle Hayne formation is found 
beneath the surficial mantle of soils and subsoils over considerable areas 
in Boutheaatern Duplin County, central and western Onslow County, 
eastern Pender County, and northern New Hanover County. Where it 
is near the surface, as around Rocky Point in Pender County and north 
of Wilmington in New Hanover County, it is a valuable natural 
resource that should be utilised to a much greater extent than it has been 
in the past. It is not as extensively developed or as easily worked as 
the Trent mark along Trent River, and as a commercial proposition 
doubtless could not compete with the soft Trent marls, although ita 
lime content is as great and it tends to contain more calcium phosphate, 
especially in its basal beds. 

HABLS OF THE MIOCENE 

All three of the miocene formations found in eastern North Carolina 
contain beds of marl All are exceedingly variable in composition, rang- 
ing from sands and clays of no agricultural value to shell beds of consid- 
erable local importanca In no case do the MJiocene marls contain as 
high a percentage of lime as the Eocene marls, and they usually are 
high in sand or clay, which impairs their value on correspondingly 
sandy or heavy soils. Marls of this sort when their composition is 
known, (so that burning by an overdose can be avoided) may, if used 
intelligently, supply the needed lime to the land, and if at the same time 
sandy marls are used on heavy land and clayey marls on light sandy 
land the texture and workability of the land may be correspondingly im- 
proved. 

The Miocene formations, unlike the older geological formations, do 
not usually occur in broad sheets, but as scattered remnants of contin- 
uous beds which have been lai^ely removed by erosion. 

The oldest Miocene found in the state, belonging to the St. Marys 
formation, is confined to the region north of Neuse River, where it may 
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be expected and is frequently met with in a belt of country covraing | 

parts of Korthampton, Hertford, Halifas, Bertie, Edgecombe, Martin, | 

Wilson, Pitt and Qreene Counties. It bas be^i dug and used broadcast I 

at numerous localities in this belt. In general, the St. Marys maris are | 

of low grade and do not promise much for l^e future. { 

The Yorktown formation is found in a similar belt of country lying | 

east of the St. Marya formation and extending into the state from Vir- | 

ginia, where it gets its name from the classic exposures around York- | 

town. The Yorktown Miocene is to be expected in Gates, eastern Hert- | 

ford, Bertie, Martin and Pitt, western Beaufort and Craven counties. i 

Throughout the greater part of this belt the country is low and large I 

areaa are occupied by swamps, under which the Yorktown deposits are ^ I 

too deeply buried to be available. Beds of marl in the Yorktown have i 

been utilized for local marl supplies at but few points and do not i 

promise much for the future. The sand or clay content is usually high 
and the percentage of lime low, although it is to be remembered that in 
local areas the quality may run up to unexpectedly high figures. Where 
labor costs are accurately computed it may be found to be more profitr 
able for the fanner to dig and use a low grade marl from his own land 
that is accessible, rather than to buy and cart burnt lime. 

The Miocene Duplin marl, named from the county of that name, is 
only found in the country south of Neuse River, where it occurs in de- 
tached and widely separated areas of mostly small extent, occupying 
depressions in the surface of the underlying Cretaceous formations. 
There are considerable areas in central and western Duplin County and 
eastern Sampson County underlain by the Duplin marl, as well as a 
number of areas in western Bladen, eastern Robeeon, and northern 
Columbus counties. 

The Duplin marls are generally shell marls of variable composition, 
and prevailingly sandy, although sometimes solidified to form a sandy 
limestone as at Lake Waccamaw. They have been utilized locally at va- 
rious small openings in the areas mentioned with satisfactory results and 
should be used where they can he dug and applied at less expense than 
purchased materials from outside the region of their occurrence. Their 
quality is usually not high and it is doubtful if the best offer any in- 
ducement for commercial exploitation. 

HARL8 OF THE PLIOSCETfE 

Pliocene marls in North Carolina belong entirely to the Waccamaw 
formation and are confined to limited areas in the vicinity of Cape Fear 
River from Walker's Bluff to Neill's Eddy Landing. The formation is 
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believed to underlie a considerable low area in central and weetem 
Bninawick County but no outcrops are known or is the digging of any 
marl reported from that region. 

The Waccamaw marb are exclusively shell marls, although thin beds 
of limited extent may be compact enough to bo termed a limestone, as in 
the region north of Acme. The Waccamaw is prevailingly sandy and 
frequently lacks shell beds over wide areas. Where the shell beds" are 
fouud they are lenticular in form and limited in area and are at times 
almost free of clay or sand, consisting of shells embedded in a matrix 
of finely broken shells and running from .85 per cent to 95 per cent 
calcium carbonate, as at the workings near Neill's Eddy Landing. 

These marls are often valuable and the extent to which they can be dug 
with profit depends entirely on the thickness of the area and composition 
of the beds, their nearness to transportation, and the amount of over- 
burden. 

MARLS OF THE PLEISTOCENE 

The various Pleistocene formations of eastern Korth Carolina consti- 
8tute a mantle of sands, loams, and peat, which is spread over all of the 
older formations, and forms the immediate surface of the country over 
practically the whole region from the seaooast westward to the Fall line. 
The older and higher Pleistocene formations of the western part of this 
belt are, because of their greatw age and elevation, much more dissected 
by erosion than the lower lying and younger Pleistocene formations 
bordering the Atlantic Ooast. It is only in the latter that shell beds of 
auflicient lime content to be termed marls are found. 

Such shell beds of limited extent may be expected in any of the eastern- 
most tier of counties. The shells are usually not much broken and the 
matrix is clay or sand that may constitute more than half of the whole. 
Consequently these Pleistocene marls are generally tow grade. They 
are also dug with difficulty since there is usually considerable overburden 
and they usually lie near or below tide level 

So far as can he learned the Pleistocene marls have not been dug to any 
great extent, although some use has been made of them near Belhaven 
in Beaufort County, at various localities in southeastern Craven County, 
in Carteret County in the neighborhood of Bogue Sound, near Woodside 
in Pender County. In southern New Hanover County the shell marl 
assumes the form of a coquina rock which has been used to some extent 
for road surfacing, hut not, so far as could he learned, for agricultural 
purposes, although it would be useful as top dressing on farm land after 
grinding. In a raw state it is probably worthless for this purpose. 



Digitized byGoO^le 



96 LtMESTONEa AiTD Maxls of Kobth Cabouna 

HABL BE80UKCE8 OF EASTERN NORTH CAROLINA BT COUNTIES 

For the purpose of preaeiiting the local details of marl occurrences by 
counties eastern North Carolina may be divided into two regions, an 
eastern and a western. 

The first of these comprises the eastemmOBt section of the state, or 
that part lying east of Chowan River, and a line connecting the head of 
Albermarle Sound with Pamlico and Neuse rivers and terminating at 
Bogue Sound in western Carteret County. 

This area includes parts or all of the counties of Currituck, Camden, 
Pasquotank, Gates, Perquimans, Chowan, Dare, Tyrrell, AVashington, 
Hyde, Beaufort, Pamlico, and Carteret. 

The surface of the country is a nearly level plain, nowhere rising more 
than 25 feet above sea level. Much of it is covered with swamps or 
marshes, of which the great Dismal Swamp is the largest. It also in- 
cludes many estuaries, sounds, and bays, and there are also a number of 
lakes in shallow depressions of the surface, of which Lake Mattamuskeet 
in Hyde County is the largest. 

The surface soils and subsoils consist almost entirely of loams, sands, 
days, and peaty deposits of the youngest Pleistocene terrace formation. 
Locally small beds of marine shells are encountered and these Pleistocme 
surficial deposits are underlain by older marl containing formations of 
Miocene age, but their cover of younger materials and depth below the 
level of ground water renders them unavailable under present conditions. 

The second area or western section of the coastal plain comprises the 
tier of counties lying west of the preceding through a belt from fifty to 
sixty miles in width and bounded on the west by a line drawn across the 
state from Weldon through Wilson and Lumherton. It includes parts 
or all of the counties of Northampton, Hertford, Halifax, Bertie, Martin, 
Edgecombe, Wilson, Pitt, Beaufort, Greene, Wayne, Lenoir, Craven, 
Jones, Duplin, Onslow, Sampson, Robeson, Pender, New Hanover, 
Brunswick, Bladen, and Columhufl, 

This region is covered to a much loss degree with Pleistocene deposits 
and is underlain by formations of Upper Cretaceous, Eocene, Mioceme 
and Pliocene ages containing many marl beds, which in places outcrop 
directly at the surface. The greater altitude of this part of the state 
and its consequent more mature topography make the possibility of 
economically digging the contained marls much more feasible. At the 
same time considerable areas are swampy, particularly in the southern 
counties and along the streams, while the fiat divides in the interstream 
areas are often covered with pocosina. 
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The r^on is mainly an a^cultaral one and as mucli of the land, 
especially the black lands and those newly cleared, is apt to be sour and 
heavy. It not only needs the corrective of lime, but also needs the marl 
to improve the texture or workability of the soiL Even in sandy areas 
if the marl could be applied in conjunction with the plowing under of 
green fertilieers, enoh as some leguminous crop or with applications of 
muck derived from nearby swamps, the benefit to the farmers of the 
state would be incalculable. 

The majority of the marl outcrops of the state are located in this 
belt, as is also all of the commercial production. Here marl is of de- 
cided economic importance and the reserves available are not only suffi- 
cient for supplying the needs of this section for an ind^nite period^ 
but also furnishing this much needed corrective to the eastern counties 
of the state, and to the agricultural region lying to the west, where the 
Coastal Plain is underlain by non-marl bearing Cretaceous or other 
formations- 

EMtem SectloB 

CUBBTTUOK iSD CaMDSIV CoUNTIEB 

The surface of both counties is low and, except for the sand dunes, is 
a levd plain made up of fine sauds, sandy loams, and peaty deposits of 
the Pamlico formation. Limited clayey beds with Pleistocene shells 
have been encountered in artificial excavations near the Virginia line 
and similar beds may be expected almost anywhere in the area, hut these 
may invariably he expected to be of small extent and low in lime, and 
will not repay the labor of digging. 

Pasqdotane and Perquimans ConNTiKS 
The surface of 'both counties is low and level and is made up of fine 
sands, loams, and peats of the Pamlico formation, except a narrow strip 
along the western border of Perquimans, where similar materials of the 
Chowan formation reach elevations of about fifty feet. Pleistocene shell 
beds of limited extent may be expected almost anywhere in the area 
hut these are likely to he low in lime. A sample of snch a marl from 
near Elizabeth City showed but 26 per cent calcium carbonate, and is 
not worth the cost of digging and applying to the land. High-grade 
marl from the Trent River district could he obtained by water trans- 
portation, and if used in conjunction with muck dug from the local 
swamps or with green manure, would prove of value. 

Gates and Chowah Counties 
The surface of these counties Is somewhat higher than that of the 
preceding counties and is consequently less level and swampy. The 
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soils are similar, fine sands and loams of Pleistocene age. These are 
underlain by deposits of tbe Yorktown Miocene, whicli frequently con- 
tain beds of low grade shell marl. Such beds may be encountered in 
the valley side of Chowan River, but are not likely to prove of great 
value. So far aa knovn none have been dug east of Chowan River, and 
what was said in regard to the marl situation in Pasquotank and Per- 
quimans counties applies equally well to Gates and Chowan counties. 

Dabe, Tyerell, Wabhinoton, and Htdk Codntihs 
These counties, with the eastern part of Beaufort, form the peninsula 
between Albemarle and Pamlico sounds. The whole area is low, level, 
and swampy, and its surface consists of the sands, loams, and peats of 
the Pamlico Pleistocene. Low grade shell marls may occur anywhere 
in these Pleistocene deposits, but their agricultural value is very slight, 
and high grade marls would well repay the small expense of importation 
from Jones County. 

Pamlico and Cabtkbet Counties 
These counties are low and swampy and their soils are similar Pleis- 
tocene sands, loams, and peats. Local shell beds may be expected almost 
anywhere within the area, but their value is slight. Ko records of the 
use of such low grade local marls are available except at N^ewport and 
along the eastern bank of White Oak River, in the vicinity of Kuhns, 
where one to four feet of clayey flhell marl is often encountered and 
has been used to some extent, as on the Frog Point plantation, two milea 
north of Kuhns. 

1VE8TEBN SECTION 

Northampton Countt 
Northampton is a rolling county, reaching elevations of between 
300 and 400 feet in the western part. Much of the surface is made up 
of discontinuous patches of Pleistocene sands and loams. Lower Cre- 
taceous deposits form the basement of much of the county and these 
were at one time covered with sands, clays, and marls of the St. Marys 
Miocene, which were subsequently removed over wide areas by erosion. 
Remnants of the St. Marys formation are likely to be met with almost 
anywhere in the eastern half of the county. These frequently contain 
marl beds of the shell marl type, but none of these are known to run 
over 35 per cent of lime. They have been used locally to some extent, 
as at Severn, where analyses showed 33.67 per cent Ca OOg and 0,20 
per cent phosphoric acid. These marls are decidedly low grade and 
of little economic value, but are useful as a soil corrective where they 



Digitized byGoO^le 



LiKBSTOHBa aud Mablb or Nokth Oasolina 99 

can l>« obtained at slight expense for digging and hauling. The farmer 
in applying them can calculate the amount of lime likely to be pTesent as 
from one-fifth to one-third of the amount of material dug. 

Hertford Countt 

The surface la formed by sands and loams of Pleistocene age, under- 
lain by discontinuous deposits of the St. Marys Miocene resting on the 
deeply buried Cretaceous. The marls of the St. Mary's formation in this 
area consists of shells and shell fragments embedded in clay or sand. 
These marls are within working distance of the surface at various locali- 
ties in the northern and eastern portions of the county along the Meherrin 
River and along the lower slopes bordering Wiccacon River and Pote- 
casi Creek. The marl has frequently been dug in a small way and ap- 
plied to nearby fields, as in the vicinity of Lotta, Murfreesboro, and 
ffinton. 

Selected samples from along Potecasi Creek are reported to contain 
as high aa 78 per cent of calcium carbonate, but the analyses from a 
number of localities in the county show a lime content ranging from 33 
per cent to 61 per cent, and averaging less than 50 per cent. All the 
samples Show traces (less than 1 per cent) of phosphoric acid. The 
marl beds are lenticular, of limited thickness, and usually covered with 
eight to ten feet or more overburden of Pleistocene clays or sanda. _ No- • 
where within the county are these marls of sufficient purity, or acceesible 
in sufficient quantities to make them a commercial proposition. Owners 
having marl beds should, bowever, make use of them for liming their 
own land whenever they can be dug without unprofitable expense. 
When it ia recalled that over 2,500 acres of the county are devoted to 
the raising of peanuts, which receive 500 or 600 pounds of burnt lime 
to the acre at planting, and 300 to 300 pounds of land plaster (calcium 
sulphate) per acre later, it would seem that the use of natural marl from 
local pita in the St. Marys formation or the high grade marl of Jones 
County, which could be obtained by water transportation, would effect 
considerable saving. 

In describing the deposits in a section six miles northwest of Winton, 
Mr. John E. Smitb-'S atatos: 

"An area of several hundred square miles In this part of the state oon- 
talDB marl beds, many of wbtch have been used locally to supply fertilizer 
lor farm lands. On the farm owned by Mr. O. T. Darden, of Ahoskle, and 
located on the right (south) bank of Fotecael Creek, navigable to this point, 
1b a deposit showing the following: 

• lime aod marl depoiiti of uMem Naiih 
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"QEiraAAiizn] Sectioit 
e. Clay and sandy clay 10 to 12 feet. 

d. Marl, compoBed chiefly of foaall dhelU of Pelecypods np to one 
Inch In iengtb, but containing aleo a few large Oastropoda with 
high Bpiral colls, and some large Pecten^, exposed, 3. 
c. Clay, In part blue, with aome fossil shells, 3 to 4. 
b. Marl, similar to <d), but apparently more flrmly cemented ivttb 

calcium carbonate, poorly exposed, 2 to 3. 
a. Covered slope to water's edge In Potecasl Creek, 10. 
"These beds, except (e), are of Miocene age aai belong to the St. Mary's 
formation. They He horizontally and vary In thickness because ot their 
occurrence In lenees. That they are continuous is shown by the outcrop ob- 
served along the banks ot Fot«CBsl Creek and its tributaries for half a mile 
or more and also at a point about three-fourths ot a mile south of these 
banks where, though poorly exposed, they Beem to be approximately the same 
in thickness and constitution. 

"The marl In bed Id) contains 78.1E per cent calcium carbon&te. It Is 
therefore ot high Quality and Is well adapted to use as fertlUier on floits 
needing the ground or underground form ot lime. If a small area of this rock 
can be found where bed (e) is chiefly or wholly removed by erosion It can 
be utilized on a commercial scale locally and should be eztenslvely used. 
Such areas are likely to occur on the north slope toward the smaller streams 
which flow eoAtward, and along the banks where a tributary Joins a larger 
stream." 

Kaijfax Countt 

The boundary between the Coastal Plain and the Piedmont plateau 
bisects the county into an eastern half underlain by unconsolidated 
sands, clays, and marls; and a -weatern half underlain by crystalline 
rocks, the main line of the Atlantic Coast Line being here the approx- 
imate boundary line between the two regions. 

Shell marls of the St. Marys formation are widely scattered over the 
county and have been used sporadically at a large number of localities 
where they outcrop beneath the Pleistocene cover along the sides of the 
stream valleys. They have been utilized at times along Quankey Creek 
near Halifax, along Beech and Fishing creeks around Enfield, at Wren- 
dale and Battleboro, near Tillery and Scotland Neck on the coast line. 
Near Palmyra, at the sharp turn of the Roanoke, a thickness of seven 
feet of clayey shell marl is exposed below a cover of nearly sixty feet 
of sand and clay. Numerous analyses have been made of samples of 
St. Marys marl from Halifax County, They show a range in calcium 
carbonate content of from 36 per cent in a sample from Scotland Neck 
to 87 per cent in a sample from Tillery. In general, the lime content 
is not above 50 per cent. The content of phosphoric acid in the St. 
Marys formation in Halifax County appears to be higher than else- 
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where in the state, ranging from 1 per cent to 4^ per cent, and undoubt- 
edly due to the abundance of fossil bones in the marl. 

Bekxib ConNTT 
Bertie County, lying between Chowan and Boanoke rivers, is similar 
to Hertford County in its geology and surface features. Scattered marl 
beds of both the St. Marys and Torktown formation are present in the 
western and eastern halves of the county respectively. Beds of both 
have at times been used locally to a limited extent. Several samples 
of Yorktown Shell marl from near Avoca and Windsor have been an- 
alyzed. These show traces of phosphoric acid and a content of calcium 
cai4>onate ranging from 28 per cent to 63 per cent and averaging about 
SO per cent. The overburden is generally heavy, but where the marl is 
near enough to the surface so that it can be dug cheaply it should be 
brought into local use. 

MABTin OOUMTT 

The surface consists of Pleistocene sands and loams underlain in the 
western part of the county by the St. Marys formation. The surface 
is low and flat and frequently swampy. The St. Marys outcrops along 
the Koanoke at intervals from Palmyra to Williamflton. No outcrops 
of the Yorktown are known although both the Yorktown and the St. 
Marys are frequently met with in wells. The Miocene in this area is 
predominantly clay or sand. Beds of prevailingly Jow grade marl are 
frequently developed, but so far as known no attempts have been made 
to utilize them in recent years, except in the vicinity of Williamston 
and Everetts, although many old pits are scattered through the sur- 
rounding country. Analyses of samples from these show less than 30 
per cent calcium carbonate. 

Edgxcombe Couhtt 

The surface is flat and consists of Pleistocene sands and loams. Theee 
are underlain by disconnected beds of the St. Marys Miocene which, in 
this region, consists laigely of clays and sands with local layers of marl. 

There are many old marl pits around Rocky Mount whioh have become 
filled up in the fifty years that have elapsed since marl was dug. Variable 
St. Marys materials, sometimes marls, outcrop along the Tar Kiver 
between Rocky Mount and the Pitt County line. Traces of old pits are 
to be seen around Tarboro and outcrops were noted along Sasnett Mill 
Branch and along White Oak, Swift, and Long creeks around Wrendale 
and Battleboro. So far as known no attempts have been made to utilize 
the marl in recent years. No recent analyses are available, but all the 
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materials aeen were high in clay or sand and contained a very low per- 
centage, probably less than 35 per cent, of calcium carbonat«. 

"Wilson County 
Pleistocene aanda and loama form the surface of the county. These 
are underlain by Cretaceous deposits. Beneath the Pleistocene and 
resting on the Cretaceous patches of St. Mary's Miocene are scattered 
over the eastern half of the county. Shell marl was formerly dug along 
Toisnot Creek and Hominy Creek bear "Wilson, and near Sharpsburg, 
as well as along White Oak Swamp southeast of Wilson. Available 
analyses of these marls show a range of from 38 per cent to 72 per eeut 
of calcium carbonate, and in one case 4% per cent of phosphoric acid. 
In general, the St. Mary's marls in this region are of small extent and 
low grade, but where they are readily accessible they might prove prof- 
itable for local utilization. 

Prrr Coitntt 

The surface is gently rolling to flat, and ranges from an elevation of 
121 feet near the western border almost to sea level along the principal 
streams. The soils of Pitt County are practically all made up of Pleis- 
tocene sands and loams and recent aluvium. These are underlain hy 
Miocene deposits belonging to the St. Mary's formation, except along 
the eastern border of the county where the Yorktown Miocene lies be- 
neath the Burficial materials. Older Cretaceous deposits reach the sur- 
face in low bluffs along the Tar and Neuse Rivers, and Little and Big 
Contentnea creeks. 

Shell marls are generally distributed throughout the county at depths 
of from a few feet to fifty or sixty feet beneath the surface, while green 
sand marls, which are generally deeply buried, outcrop in the principal 
Stream channels. These marls are usually poor in lime, although local 
beds may contain small amounts of potash. 

Aa previously mentioned samples from along Contentnea Creek above 
Grifton show 1.12 per cent to 2.46 per cent potassium and 1.35 per cent 
to 2.96 per cent potash. Where these green sand marls, often called blue 
marls, are observed to contain many shell fragments or are bright green 
in color they may be useful, but no one should go to the expense of dig- 
ging and applying them without ffrst having an analysis or consulting 
the State Agricultural Department, since the content of potash ie va- 
riable and generally low, silica is high, and phosphoric acid and lime 
are apt to be low. 

The marls near the surface are mostly Miocene.'-^in the southeastern 
portion of the county belonging to the Yorktown formation and in the 
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*estoni portion of the county to the St. Marys formation. The St. 
^a.T-ys is recorded from numerous localities along Coatentnea and Swift 



On the fann of J, P. Dairaon shell marl of the St. Marys formation 

'^ <lug in considerable quantity. These pits are about one-half mile 

**t;la. of the road running northeast from Hanrahan and nearly a mile 

'^ » half from the railway crossing at that place. At the time 

- "^'iait (May, 1918) they were filled with water, but had lai^ piles 

1 **»srl beside them. When wet the marl has a decided yellowish tinge, 

jt ^ Xwhen dry and exposed to the weather it is a light yellowish-white. 

h, *s - - - . 



^ 



^ {Muiinia cantata) as the predominant fossil. The shells them- 
^ are rather crumbly and the almost entire absence of sand makes it 
■^ ^ood lime marl for surface dressing. 

According to the owner there is about ten feet of overburden consisting 
of clayey soil and white Pleistocene aand. Below this is about ten feet 
of the light colored St. Marys marl. Below this is reported a bluish 
material, possibly Trent formation. Mr. Dawson haa one hundred acres 
or more underlaid with this marl and from the topography there should 
be large areas of it nearby along Gontentnea Creek. The marl is sold 
at $2.00 per ton at the pile near the pit. The overburden, equal in 
tbicknesB to the layer of marl, would be rather thick for a commercial 
development. 

Clayroot Swamp. — ^A drainage project of a canal eaght to ten feet 

deep is being put through this swamp, affording an opportunity to learn 

«>niething of the underlying strata in this area, the bottom of the canal 

™'ng ten feet or less above sea level, 

The first place visited is a little over a mile below the bridge between 

Garnerville and Galico. This is in the swamp b^ind the farm of Mr. 

-t^dloy at Clayroot. At this point the dredge struck a hard limestone 

'ayer which they broke up with difficulty even with the heavy dredge 

Miovel. This was struck near the bottom of the canal and was about 

tiree feet thick. It is in a band running across the canal and was en- 

"""ntered for a distance of about two hundred feet. The material on 

* bank is hard and fairly compact, bluish-gray weathering to white. 

''^ limestone has many particles of a green color resembling green 

"'^r numerous moUusean fossils, some echinoid spines, and abundant 

/^^^Oa. The whole appearance of the material is that of the Trent 

^»f»i^tion, 

"- **»ile farther up the canal, at the bridge already mentioned, and 

"^ ** «:]uarter of a mile east, the dredged canal cut through a consider- 
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able atretcli of marl. This was struck about six feet from the surface, 
and the cut went down into it for five feet without reaching bottom. 

This maTl, aa exposed on the bank, is a slightly sandy bluish-gray 
marl weathering to a grayidi-white, A few shells and shark's teeth, 
with a great abundance of bryozoa, are the characteristic fossils. 

Old pits along the side of the cutting show that marl has been dug 
there in the past. This seems also to .belong to the Trent formation. 

The shell marls of the St. Marys and Yorktown Miocene are also 
variable in composition and appearance, ranging fom a bluish-clay filled 
with rotten shells to the reddish more sandy deposits along the Tar 
River. See Plate XV, B. 

These shell marls were formerly used quite extensively in the county, 
being usually dug in cooperation or on shares, and many old openings 
are to be seen around Greenville, Farmville, Winterville, Falkland, Han- 
rahan, Grimesland, and Pactolus. West of Hanrahan along Little Con- 
tentnea Creek, rather extensive deposits of reddish shell marl, such as 
outcrops along Tar River, can be dug without much trouble from water 
or heavy overburden. Here the marl is high in lime and low in sand. The 
lime content and amount of overburden varies from opening to opening 
and the results of previous analyses show a range in calcium carbonate 
of from 27 per cent to 82 per cent, the average being between 60 per cent 
and 70 per cent. 

Wew land should, of course, receive larger applications than that al- 
ready in cultivation, and dark heavy soils, such as the Portsmouth soils, 
require more than the light colored Norfolk soils. - These latter are the 
principal tobacco soils in the county and would be greatly benefited 
by growing some nitrogen collecting le^minous crop, sncb as field peas, 
peanuts, vetch, soy beans, or clover, and turning it under before applying 
the marl. The latter facilitates the decomposition of the organic matter, 
stimulates the growth of the nitrifying bacteria, and thus increases the 
amount of nitrates in the soil as well as rendering the potassium and 
phosphorous more available. In the Portsmouth series of soils the or* 
ganic matter is already present in the soil and the need of green ma- 
nuring is obviated unless the soil has been under cultivation for years 
and its nitrates exhausted. 

Farmers should carefully figure the costs of utilizing the local marl 
deposits as compared with that of purchasing rock lime or high grade 
ground marl from outside the county. 

-w Beatjfobt County 

The surface of the eastern part of the county and along Pamlico 
River consists of low flat Pleistocene sands, clays, and swamp deposits. 
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while in the northwe«tem part of the county and muc 

»uth of Pamlico River the surface soils are undcTlaii 

the Torktown Miocene which frequently contains mi 

marls have been dug to some extent around Washing 

winity. They are shell maris of somewhat variable chi 

poeitioD and contain from 56 per cent to SI per cent cf 

and traces of phosphoric acid. The average lime conti 

of analyses from different openings is about 60 per cent 

Styron PUmt.—A lime and fertilizer plant is cond 

Stfron about two miles northeast of Washington. It is 

and the product must be delivered by wagon over eai 

marls are dug from an extensive open pit. The ov 

from six to eight feet in thickness and the marl bed 

the level of ground water. The marl belongs to the Tor 

and consists of many perfect sheila in a blue clay mat 

around 70 per cent calcium carbonate, and is ground : 

Local beds of shell marl are occasionally found in thi 

posits of the eastern part of the county, but theee are a 

local usefulness. Analyses made by the State Departmei 

for J. J, Barnett, of Eelhaven, showed 49,58 per can 

■^t calcium carbonate in two Pleistocene samples. M 

land of the county is heavy and applicatioM of local « 

ffround marl from Trent Hiver would prove an adm 

find lees expensive than burnt lime. 

GrBEITE CotJNTT 

■*^fae surface of the county is of Pleistocene material 

*io by Cretaceous. Miocene beds are frequently pros 

lejstocene surficial materials and the underlying C 

^ ^Carys Miocene in this area is largely sand and 

qnent marly layers. Shell marls are near the surfa 

^"'». near Roundtree, Caatoria, and Hookerton. They i 

*&r as observed, containing large amounts of sand 

*** 50 per cent calcium carbonate. 

^^^een Sands — There are numerous exposures of the < 

**a along Contentnea Creek, between Snow'Hill and 

Uiore glauconitic than elsewhere in the state and c 

p ** larger amounts of potash than they usually do th 

*'*^lina. The amount is small, however, probably nev 

"^"vpo per cent. There may be present as much as i. 

*^® Jihoric acid and in limited beds where the green san 

^^Icareous concretions the amount of lime may react 
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Watni County 

The surface of the county reaches elevations of about two buudreil 
feet and the surface is therefore more broken than in the counties lying 
to the southeast. 

Beneath the surficial soils and subsoils, largely of Pleistocene age, the- 
county is underlain by non-marl bearing Cretaceous deposits. The marls 
which have been encountered at several points represent remnants of 
Eocene or Miocene preserved in depressions of the Cretaceous surface. 
Low grade marls of little value belonging to the St. Marys Miocene may 
be encountered in the extreme northeastern part of the county. Along; 
Falling Creek west of Goldsboro and southeastward in the upland bor- 
dering the south bank of the Neuse, outlying renmants of the Trent 
Eocene have been observed at various points as well is in the southern 
part of the county around Mount Olive. In the Sarpony Hills uneuc- 
ceasful attempts have 'been made to manufacture burnt lime from the 
Trent Eocene. 

Flowers Farm. — On the farm of D, L, Flowers, about 3 miles directly 
west of Mount Olive, there is a marl pit from which marl is taken for 
fertilizing purposes. The marl consists principally of a rotten lime- 
stone containing many fragments of shells. Casts of bivalves, frag- 
ments of echinoderm tests and spines were observed. Lithologically, the 
material resembles the other Eocene of the region. The pits are located 
near a small branch. A few feet of surface clays are stripped off and 
pits are dug to a depth of about 25 feet in the marl. The material is 
very dry, no water interfering with lie digging. After exposure to the 
air the marl soon crumblea to powder. One pit penetrated through the 
marl at 25 feet. One pit 29 feet in depth did not pass through it. Ifear 
the upper surface the marl is of a light yellowish color, but deeper it is 
of a very pale greenish color. 

Marl has been dug for fertilizing purposes about 3 miles to the south- 
east of Mount Olive. At the junction of Falling Creek and Neuse River 
Eocene marl has been dug within the last few years. It consists of cal- 
cerous sand, rather firmly cemented in certain places, and containing 
many fossils, particularly hryozoans, echinoids, bones and sharks' 
teeth. The marl occupies a depression in the crystalline rocks, which are 
exposed a few rods away. This is the locality referred to by Olmsted 
in 1827. Similar marl is reported from a few other localities in the 
immediate vicinity. 

These Trent marls are of limited extent in Wayne County. In gen- 
eral, when they are cleanly dug they are high in lime, some analyses 
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running up to 83 per cent, others running off to below 40 per cent. Their 
average content Bhonld be around 70 per cent and as they are for the 
most part fine grained and soft they can t>e applied without grinding. 

Leboib County 

Beneath the thin cover of sands, loams, gravels, and swamp deposits 
most of the area of the county is underlain by the dark greenidi or 
grayish sands and clays of the Pee Dee Cretaceous, which outcrops in 
bluffs along Neuse Biver, and sometimes contains thin indurated beds 
high in lime. In general the Cretaceous of the country is unsuitable for 
marling. 

Along the south bank of the Nense, a belt of country eight to ten 
miles in width and extending to the Wayne County line is underlain by 
the marls aud limestones of the Trent Eocene which has also been en- 
countered north of Nense River near La Grange and Falling Creek. 
These marls lie at a considerable depth below the general tmrface of the 
country but are accessible beneath only two or three feet of cover in the 
stream bottoms and valley sides. For example, marl is struck along the 
bottom of Whitely Creek at numerous points and small quantities are 
frequently used locally. At the Dave Wilkins plantation on Whitely 
Creek the overburden is 2^4 feet. The marl is soft and fine grained and 
of unknown thickness. A sample analyzed 57 per cent calcium car- 
bonate. A sample collected on the Outlaw Plantation just above the 
junction of Whitely Creek and Neuse River analyzed 74,05 calcium 
carbonate and .50 phosphoric acid. The marl bed here has an over- 
burden of two to three feet and showed fifteen feet of soft gray marl 
without reaching the bottom of the bed. 

Along Mill Branch, about four miles south of Einston, marl has been 
dug in considerable amounts although in the summer of 1918 the pits 
were full of water. Here the marl is nearly white in color and consists 
almost entirely of bryozoa. The overburden is about four feet and the 
thickness is unknown. The percentage of lime is about 80 per cent. 

These marls wherever available are high grade and should be utilized 
to a greater extent. In conjunction with green manuring or composted 
with swamp muck they are likely to prove of great benefit to the lighter 
soils of the county and they can be used alone to advantage on the darker 
and heavier soils. Care in limiting the amount so as to prevent "burn- 
ing" is necessary, particularly on light soils. 

The State Department of Agriculture has made numerous analyses 
of these marls from different localities in the county and the majority 
of these show over 70 per cent of calcium carbonate, and some run as 
high as 88 per cent. 
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Ckavbh Couhty 

The surface is prevailingly flat, ranging from tide to 80 feet eleva- 
tion, and consieta of Pleistocene or Keeent aands and loama. Fully 
one-lialf the area is swamp land and not under cultivation. South of 
Weuae Eiver and west of New Bern much of the area of the county is 
underlain by the shell limestone of the Trent formation, which outcrops 
along Neuse River from Spring Garden Landing nearly to Kinston as 
well as at many localities along Trent Biver, North of Neuse River the 
Trent is replaced or overlain by the Yorktown Miocene which also oc- 
cupies a considerajble area extending along the south bank of Neuse 
River for several miles above Kock Landing. 

The Yorktown contains numerous sandy shell marls which probably 
occur in isolated areas in the central and northern part of the county, 
the flatness of the country and the lack of detailed explorations prevent- 
ing their more exact location. 

That part of the county southeast of New Bern lying along and sout^ 
of Neuse estuary is particularly low and swampy, nowhere reaching 
elevations of over 20 feet, and containing several large lakes. The sur- 
face and underlying materials are all of Pleistocene or Recent age, but 
contain shell beds at several localities which have been dug for marl. 
These will be considered first before taking up the older marls of the 
remainder of the county. 

Marl Deposits Southeast of New Bern. — A large amount of marl has 
been dug from pits on the John L. Roper Lumber Company property, 
three miles southwest of Riverdale. This is used broadcast on the land. 
The material consists of a sandy bluish marl with many whole diells of 
various species and numerous pieces of well preserved coral. At the time 
visited (May, 1918) water almost completely filled the pits. The section 
is reported 'by the agent in charge as follows : loam and sand, 3 to 3 feet ; 
bluo-gray marl, 6 to 8 feet, below which more sandy material of a red- 
dish cast is encountered with a great many perfect oyster shells as the 
main fossils. Both kinds of material were seen in quantity about the 
pits, but the digging is mainly for the bluish marl. This material has 
not been analyzed. 

On the shore of Brices Creek, about midway between the stations of 
Croatan and Riverdale, much marl has been dug for local use on the 
farms of E. S. Eallinger and Noah Caton. This is a similar gray-blue 
shell marl, but consisting of much finer shell than at the Roper Com- 
pany's pits. The base of this marl has not been reached at ten to twelve 
feet, according to report. Digging is possible only in dry parts of the 
year. 
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Similar marls have been encountered along Slocum Creek at Mallin- 
son's Point three miles above the mouth, farther up the creek, weat of 
Havelock, and at Shell Slough on the south hank of the N'euae, just 
above the mouth of Slocum Creek. These Pleistocene marls are ex- 
ceedingly variable in character and vhile they are esceedingly useful 
for use locally in this swampy part of the county they do not possess 
commercial possibilities. 

Township One, (Maple Cypress.) Oft the road between Maple 
Cypress and Hanrahan marl has recently been dug on the farms of J. A. 
Stokes and Dr. Thomas Faulkner, about three-tenths of a mile southeast 
of the county line at this point and a little to the south of the road. 
There are numerous pita on the two farms from which several tons of 
marl were piled. The marl is a bluish-gray growing lighter in color 
on weathering, and is somewhat sandy. The pits were full of water at 
the time of visit, but the following section is reported: About four feet 
of overburden has to be removed, consisting of loam and sand, after 
the removal of which marl has been dug to a depth of about nine feet 
without reaching its bottom. At this depth the water comes in even 
in dry weather and prevents further di^ng. This marl is reported to 
be rather strong on the land and has to be used in moderation. 

This is evidently a good marl for local use, and from the general to- 
pography of the area there should be a considerable amount of such marl 
which could be developed here. It is about two miles from the Ifeuse 
Biver and eight miles or more from a railroad. It has numerous fossils 
and is evidently a part of the Trent formation. 

Near Cowan Landing. — South of the main road, just north of the 
Neuse River, near Cowan Landing (Cowpen Landing according to local 
authority, on account of the cowpen there from which cattle were 
shipped), marl has been dug recently on the farm of W. A. McLanhom. 
This is a shell marl, with considerable sand mixed with it, according to 
report, and has been dug to a depth of 18 feet without striking bottom. 
At that depth water prevents further digging. Four thousand bushels 
of marl were dug last winter and used on the land. 

A similar marl is reported from the farm of the W. C. Brewer heirs 
adjoining the preceding on the south. This marl, however, grows harder 
toward the base and can be broken out with difficulty with the aid of 
a pick. To the west toward Cowan landing the marl ia said to entirely 
run out. 

Biddle Landing. — On the south bank of the Neuse Kiver, at Biddle 
Loading, and from there eastward to the Maple Cypress bridge marl 
outcrops on the bluffs along the river. At Biddle Landing the marl is 
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Rock Landing. The uneven surface of the underlying Trent Eocene 
rarely reaches the surface in this vicinity and the Trent has not been 
dug for marl so far as known. Outcrops were observed along the road 
about two miles south of Rock Landing, and one mile north of Jasper. 

TAe Chemical Lime Company of New Bern. — This company formerly 
operated a plant in the Trent formation for the manufacture of hy- 
drated lime. This was located on the north bank of Trent River at the 
mouth of Wilson Creek, about three miles southwest of New Bern and 
two miles south of the Atlantic Coast line, and the locality is known 
locally as "Old Mill." This plant is no longer in operation and the fol- 
lowing account is taken from a report prepared in the summer of 1913 
by John E. Smith for the State Geologist. The quarry shows one to 
three feet of sandy overburden and eight feet to ground water level of 
compact porous limestone. 

Samples from this quarry were analyzed with the following result : 

Ft etnl Fir etiit 

Oa 003 Smca (Smtut) 

Sample No. 1 M.B8 4.09 

Sample No. 2 89.80 3.74 

No. 1 is a vertical section sample composed of fragments taken at 
vertical intervals of a few inches from top to bottom of the limestone 
exposed in the quarry. No. 3 was selected as a sample of minimum 
parity from a large lump of coquina that had 'been lying on the ground 
near the kiln for about a year. 

Cavities ajid Porosity. — The surface of the limestone contains many 
deep conical depressions, caused chiefly by solution of the rock. These 
cavities are from two to four feet in diameter and vary from one to 
eight feet in depth. The dissolving waters have removed about half of 
the former upper surface of the limestone, and approximately one-third 
of its original volume above the present ground water level below which 
the conical cavities do not extend. 

The interstitial spaces among the fossil shells of the rock are exceed- 
ingly numerous and vary greatly in size. They include the convexities 
and concavities due to tne shape of the shells and in many instances the 
entire interior volume between the two valves of the shell. The amount 
of this porosity is much greater than is apparent at first sight and 
careful measurement of selected samples show that 48 per cent of the 
hulk of the stone is pore space. 

This porosity is extremely favorable to thorough and equal distribu- 
tion of temperature in the kiln and the lime produced by this company 
was burned in a kiln of the continuous draft type. This rock would 
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doabtless buni thoron^ly at the minimum temperature for limestone 
{1800 to 1700 degrees F.), except for the sand which is a refractory in- 
gredient in the kiln. That the small amount of sand present is not vbtj 
harmful is shown hy the almost negligible quantity of waste matter ob- 
tained by sifting the hydrated product in the lime ahed. 

The specific gravity of this rock is low; 2,21 was obtained as an av- 
erage of several determinations. Though the samples tested were soaked 
betwen the times of dry and submerged weighings, there were probably 
several small air spaces in each that did not fill with water. This would 
account for the apparent low gravity. 

Extent and QuaniUy. — In 1910 drill holes were bored 100 feet apart 
each way on 100 acres of this property by W. F. Carlyle, The result of 
this work, though the figures are not now available, is reported to show 
hmestoQe in each hole with an average thickness of 21 feet for the en- 
tiTB area, but nearly two-thirds of this is below the level of the ground 
Water. The purity of the stone obtained by this drilling was not de- 
'fi'Tnined. 

tTsing the gravity and percentage porosity given above and deducting 
'OP solution cavities, it is estimated that there are 8333.06 tons per acre 
of coquiua above the level of the ground water and 1562.4:5 tons in each 
^P® fcwt of depth below this level which may be reduced a foot or more 
"J drainage as the exploitation proceeds. 

Oweriurdera. — The stone is covered with a light, loose soil containing 
niiich fine sand. In several places the rock is at the surface and in some 
psrta of the area the cover is very thin. It reaches a maximum of about 
tiifee fggt where observed and probably does not exceed that in any con- 
Mlerajjlg area. The land is mostly clear but supiports small areas of 
"■"grown trees and scattering large ones. 

■* n-e Plard. — This enterprise was started in 1910 and ground material 

""'y "Was produced the first year. The second year a kiln of the direct 

contiimQQfl dfaft type was erected at a cost of $2,000. It stands on a 

bnck foundation about 60 feet square and three feet above the surface 

"' tne ground. The kiln occupies about one-fourth of the area of this 

"Hictiire, has a diameter of ten feet in the clear, a capacity of 12 tons, 

*"'* is lined with a wall of fire brick two feet thick. During the third 

year of j^^ operation the product amounted to 3,500 tons of hydrated 

'™e and the ruling price was $6,50 per ton f, o, b, cars at New Bern. 

^^ plant has not been in operation since April, 1912, 

^^thod of Operaiion. — The overburden was removed with shovels 

^tti the conical cavities and placed in that part of the pit from which 

* atone had been removed. The ledge of coquina was loosened by blast- 
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ing and broken with pi(^ into lumps of approximately one cubic foot 
each ; these were transported by tramway to the kiln. A total hoist of 
nearly 30 feet was made by stationary steam power, which also hoisted 
the quicklime from the kiln to the spreading and mixing machine used 
in the process of hydration. Slabwood was used exclusively aa fuel at 
the jilant. Boats were loaded by hand. If operated on a large scale 
expense could have been much reduced. The superintendent of a plant 
of this size could conduct a much larger one with but little additional 
expense for labor, fuel, etc. The location of the property with respect 
to the streams is such that one engine could provide su^ient power to 
load the barges as well as for the operation of the plant. 

At the time of the writer's visit (June, 1918) the plant had been al- 
lowed to go to pieces and was in a sad state of dilapidation and decay. 

Although the plant was not a success in the production of burnt Hme, 
it would seem that the high percentage of calcium carbonate in the rock 
would warrant its use as a marl. The crystalline character of much of 
the material would make it less soluble than other nearby marls, even 
when ground, and the hardness of the rock, necessitating blasting, also 
is more expensive than a steam shovel proposition. Another thing that 
mitigates against success is the fact that only about eight feet of the 
21 feet of the deposit can be worked on account of the height of the 
water table at this point. While having possibilities this location does 
not seem to be in a position to compete with others which are operating 
farther up the river, in softer material 

Thirteen analyses made by the State Board of Agriculture from sam- 
ples taken at one foot vertical intervals show a range in the calcium car- 
bonate content of from 79.22 to 94.93 and average for the total slightly 
over 90 per cent. 

The only other outcrop of Trent limestone noted was along Trent 
Boad just before crossing Deep Oully, which forms the southwestern 
county boundaiy at this point. The materials were poorly exposed and 
evidently not extensive. 

The remaining and by far the most extensive marl outcrops along 
Trent River are in Jones County, under which heading th^ will be 
described. 

Jones County 

The surface is made up of Pleistocene loams and sands forming two 
terrace plains, the lower, or Chowan, occupying the southeastern, and 
the upper, or Wicomico, the northwestern part of the county. The latter 
is somewhat rolling because of the erosion of Trent Biver and ita small 
tributaries, but there are broad inter-stream areas which are very flat 
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and occupied by swamps, tKe larger being Dover Swamp and Wbite Oak 
Pooofiin. 

Beneath these sarficial deposits, which contain no marls, there occurs 
throughout most of the county the marls and limestones of the Trout 
formation. Only in the weBtem part of the area doee the Pee Dee Cre- 
taceous replace the Trent. Neither of these are ordinarily found out- 
cropping at the surface, but they may be seen in stroam beds and river 
bluffs in their respective areas of occurrence, and the Trent, which is 
the only one that is valuable agriculturally, is extensively exposed along 
Trent River and some of the smaller streams and may often be reached 
at slight depths in the valley bottoms throughout most of the county. 

Before referring to the various localities in the county where these 
Trent marls are available for local use, the plants and outcrops of the 
two commercial plants will be discussed. These ar^e the Trent Marl and 
Lime Company and the State Plant of the North Carolina Department 
of Agriculture. 

CoMUERCiAi. Plants 

Trent River Mad and Lime Company. — This company with offices in 
New Bern is the largest producer of ground marl in eastern North Car- 
olina. It has two tracts of land, the one now being worked under a roy- 
alty at Scott Landing on the wast (left) bank of the Trent River at the 
month of Scott Creek. The remainder of the land, which is owned in 
fee, is on the same bank of the river and on the south side of Scott 
Creek. In all about two hundred acres are available for production. 

The marl quarried consists of a fine-grained coquina overlain by Ple- 
istocene sands usually white in color and a few inches of loam. This 
overburden is but a few inches diick near the river and at the present 
workings, 200 yards from the river, varies from 18 inches to three feet. 
The marl itself is from five to twelve feet in thickness and rests ui>on the 
hard Trent limestone, which probably has a thickness of about 80 feet 
and is underlain by sand. The water table in ordinary weather ia about 
at the level of the top of the limestone and the marl is dug to this level 

The surface of the marl is very deeply pocketed. These pockets in 
some cases run to the base of the marl and according to report may even 
penetrate the hard basal Hmestona The largest of these pockets exposed 
was 16 feet in diameter, but usually they are much less in size. Some are 
fnnnel-shaped, narrowing downward, or occasionally just the Opposite, 
widening toward the base. In the uncovering of the marl the overbur- 
den of loam and sand is removed by hand shovelling, thrown into dump 
carts and wheeled away. The material in the pockets is dug out by hand 
and the sides of the pockets made clean by the use of wire brushes so 
that all foreign matter is entirely removed, leaving the marl clean. In 
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the earlier operations near the mill the marl was shovelled hy hand into 
an endless chain of buckets which conveyed it directly to the mill. At 
the present time a steam shovel with a capacity, of 300 tons per day is 
used. A1)0ut half this amount has actually been dug and milled in a 
day. The marl is dropped by tte shovel onto a motor truck with a ca- 
pacity of two tons which, when loaded, makea the trip to the mill a hun- 
dred yards away and delivers its load while a second truck is being 
loaded. (See plates XI, XII and XIII.) 

The truck load of marl is dumped directly onto a coarse screen made 
of a number of steel rails laid closely together with narrow spaces be- 
tween. A large part of the material passes through this, the lumps re- 
maining being broken by hand with picks. 

From this rough screen the marl is taken up to two sloping station- 
ary screens by an en^jless chain of buckets, thence to a four-mesh-to-the- 
inch shaking screen, from which it passes directly down to the mill. After 
being ground the product is taken up by another chain of buckets to an 
overhead runway, from which it may be loaded directly into freight cars 
by means of movable chutes, or carried to the storage piles or sent out 
to the end of the runway where it can be sent bj chutes directly onto 
flats or schooners at the landing. At the ec^e of this landing there is 
nine to ten feet depth at mean water and 30 feet in the center of the 
channel but a short distance away. By water it is 12 miles down river 
to New Bern. 

From the plant a standard gauge siding of 2,400 feet connects with, 
the Atlantic Coast Line R. R. at Bowen station, which is 12 miles from 
New Bern and 79 miles from Wilmington. Cars can be loaded directly 
from the chutes and pulled out by gravity to a secondary sidii^. 

The ground product is usually sold in bulk but is also ba^ed, 200 
pounds to the bag. Storage capacity at present is about 8,000 tons of 
ground product, but it is the intention to materially enlarge this. At 
present the price is $3.50 per ton at the dock or $4.00 f. o. b. at New 
Bern, but this must soon be increased on account of the increased labor 
cost. (See Plate XII.) 

A CO'horgepower engine is used to run the mill and the various hoists. 
Water is obtained directly from the Trent River, where a pump is in- 
stalled. This water is fairly soft, and, except in very dry weather, is 
not brackish. 

There are ahout 60 laborers employed at the plant and about ten other 
men in various capacities. The number of laborers is increased to 100 
in the winter time and the number is very dependent on the demand for 
labor on the nearby farms. 
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The past year the plant has been idle for as much as ten days at a 
time, on account of inabilitj to obtain cars for shipipiDg. As a result 
orders for several thousand tons of material had to be turned down. 
The demand for the product is from January 1 to May 1, and production 
and storage must conform to this short season of demand. 

In the field the marl is a creamy yellowish white in color, more or 
less friable, but on exposure to the air the surface becomes encrusted and 
irhitish. There is very little amorphous material, the marl being almost 
entirely a coquina with broken shell fragments but almost no complete 
specimens. About six years ago an attempt to burn the material for 
lime was made, but on account of the fineness of the marl it was a 
failure. 

Various analyses show a percentage of CaCOj ranging from 85 to 93 
per cent. Sample collected by writer showed 85.22 CaCX)j and .33 
phosphoric acid. When dry the ground mar] weighs from 70 to 75 
pounds per cubic foot. 

The limestone underlying the marl is of the typical Trent formation. 
It is bard, consisting almost entirely of molds and casts of mollusca, 
both lamellibrancha and gastropods, the former pred<»ninating. Teeth 
of sharks and other animals are occasionally found, according to re- 
port. The limestone although porous is hard. It has been tiaed to some 
extent for road construction on the property, and in the vicinity. 

In a r^on devoid of other road material the hard Trent limestone 
should prove valtuble, particularly since it is available in large amounta 
and could be quarried in conjunction with the marl and loaded directly 
on boats for water transportation. A sample tested by the Office of 
Public Roads of the U. S. Department of Agriculture gave the follow- 
ing resulta : 

Par cant ot wear 19.00 

Prencli co^lclent of wear 0.8 

Cementing vaEne 23.00 

While the percentage of wear and cementing value are both under 
the normal requirements for water bound macadam or bituminous con- 
crete, the rock has been used for macadam as, for example^ in construct- 
mg the Cemetery Ro.ad in New Bern and has stood up well under con- 
siderable traffic. It would also prove available for use in cement con- 
crete although not so satisfactory as tougher rocks. 

Plant of North Carolina Department of Agriculture. — The North 
Carolina Department of Agriculture is working a marl plant on the 
Taylor place adjoining that of the Trent River Marl and Lime Com- 
pany on the north. The marl itself is identical with that already men- 
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tiooed in the report on the Trent Kiver Company. The deposit ia thick, 
the upiper six to twelve feet heing worked without reaching the hase of 
the marl. Fort; or more acres underlaid by marl remain to be worked. 
The same pocketing already described is apparent here, but as a rule the 
pockets seem to be larger than at the Trent River Company's plant. 

At present the workings are in a spot where the overburden is from 
three to ten feet thick, consisting of loam underlaid with Pleistocene 
sands. This overburden is removed by two scoops on a cable line, the 
material taken about a hundred yards away and dumped. 

The marl in the pit is dug by hand and shovelled into small tram cars 
drawn by a small steam engine. There are but two of these cars with a 
two to two and one-balf ton capacity, but one of which was in use when 
the plant was visited. This tramway to the plant is about one^i^th of 
a mile in length and three foot gauge. The marl is dumped from the car 
and then shovelled into a conveyor by which it is taken to a shakini; 
screen with a quarter-inch mesh. About 37 per cent of the material 
passes through this screen, the remainder passing on to the mill, which is 
a Williams make with a capacity of 100 tons per day. The actual out- 
put is about 60 tons per day. From the mill the product is again taken 
by conveyor up to an overhead trough where by spouts it is put in any 
part of the storage shed, which is about 30 feet by 120 feet, covered with 
rubberoid roofing, and with a storage capacity of 1,500 tons. "When 
shipping, the ground product is spouted directly into hand carts of about 
500 pounds capacity and these wheeled onto platform scales where they 
ere weired. They are then wheeled onto the platform and into box 
cars. The siding which adjoins the Atlantic Coast Line is sufficient 
for four oars at a tima 

The ground marl is sold to the farmers of the state at cost or at 
$2.00 per ton, f. o. b., in bulk. During the season 5,000 to 6,000 tons are 
taken out. When a full crew is working 35 to 40 men are employed, but 
as in the other plant the number of men depends largely upon farming- 
conditions, more men being available in the winter than at any other 
time. 

The machinery of the mill and hoists is run by a steam engine bnro- 
ing coal which can be delivered at the siding. 

Shipping is entirely by rail, although the river might be available but 
would mean a double haul back to the water from the mill. Some diffi- 
culty was experienced early in the year in obtaining enough oars, bat 
that has been largely remedied aud no serious diffioultiee are now ex- 
perienced. 
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In analysis this marl is about the same as that of the Trent River 
Marl and Lime Company's marl, averaging 85 per cent CaCOs in 
the groiuid prodnct. The sample coUeoted by the writer showed : 

Fbospborjc acid 0.15 

Calcfom carbonate 87.72 

In the amount of overburden removed, method of handling and lack 
of water-shipping facilities this plant is less favorably located than iho 
Trent River Company's plant, bnt the gronnd prodnct is essentially the 
same. 

These two plants seem to be the <mly ones of any siu now grinding 
and shipping marl in a commercial way from the central coast part of 
the state, and at their present capacity are not eqnal to the task of filling 
the demand. Before another eeason it ia probable that the capacity 
of one or both plants will be considerably increased. 

OrsEB Tbemt Rma HaUi Diroerra 

Odd Fdlows' Properiy.^^ — This property w on the north aide of the 
river ahotit 200 yards np the river from Mnlberry landing. The 
limestone outcrops lu the cliff for a distance of at least 300 feet and is 
exposed for a thickness of 10 to 12 feet. The rock ia very similar to 
that of the Chemical Lime Company. The overburden is slight, but 
there has been no development of the limestone back from the river, 
80 it is not known how far this particular bed of limestone will extend. 

John Wkitford Propeiiyfi*' — This property is on the sontii side of the 
river and east of Island Creek at its confluence with Trent River, This 
property consists of 100 acres. Limestone outcrops insularly along 
the river for a distance of at least 300 feet It was also observed almost 
continuoosly along the edge of the swamp on the ea^ of Island Creek. 
At the confluence of a smaller branch with Island Cre^ hard limestone 
seems to be more abundant and is found to be almost continuous for 
about a quarter of a mile. There is considerable variation in the over- 
burden. The rock would have to be trammed from where excavated to 
barge landing on Trent River, a distance of about half a mile, and this 
can probably be done by grarity. 

That portion of the limestone on the river is somewhat siliceous, 
many of the shells tested indicating thorough silification. A grab 
sample was analyzed for lime and silica with the following results: 

Galdom carbonate 72.19 

. 26.06 
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Thia property is one of the more promiaing properties along the 
river for developing a commercial source of marl and limestone. 

DeBrvkls Propertt/.^^ — Two and three-quarter miles still further up 
the river from the John Whitford property, and on the north bank of the 
river, ia the DeBruhle property, which extenda for a diatance of about 
600 feet along the river. This property shows both hard and Boft lime- 
atone, and a amall amount of development work has been done along 
the river front. In a deep gully to the east of the property but very 
little limeatone ia exposed. The land back from the river was tested 
with an iron rod, but no limestone was encountered. If thia portion of 
the property ia underlain by the limestone it is covered by a conaid- 
erable depth of heavy overburden. Thia property adjoins the Taylor 
property that is being operated by the North Carolina Department of 
Agriculture. 

Armstrong Property.^^ — This property is across the creek from the 
Taylor property and has a frontage of about 200 feet on the river. 

Brown Lime Company.^^ — Adjoining the Armstrong property on the 
upriver side, is a property consisting of 150 acres owned by a Mrs. 
Simmons and is leased by the Brown Lime Company. It has a front- 
age of approximately 1,800 feet on the river. There is a good expoaure 
of the small shell limestone of splendid quality along the river front. 
At a point 600 yards back from the river the same quality is exposed 
and a small amount of quarrying has been done, (See Plate XVII, A.) 

Hardy Whitford Property.^* — This property is still further up and 
on the south side of the river about 13% miles from New Bern. At 
this point the bluff rises about 20 feet above the nver and the fine shell 
limestone is exposed in the bluff for a distance of about half a mile. 
Underneath the soft lime rock at a depth of about 10 to 15 feet, and 
still above ground water, is the hard, coarse shell limestone. The lime- 
atone outcrops in the fields back from the river for a distance of at 
least 200 yards, where it is exposed iq the form of a limestone ledge. 
The limestone outcrops almost continuously up the ravine that extends 
into the property. The overburden ia light. 

Similar Trent marl forms a low exposure at "Whitford Landing, one- 
eighth mile below the mouth of Island Creek. Analysis shows 78.32 
•calcium carbonate and 0.49 phosphoric . acid. The underlying hard 
Trent limestone outcrops along Island Creek Road, one-half mile south 
of the landing. Similar exposures are found up the Trent River 
from this point everywhere where the river has cut into the upland. 
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At a poiot known locallT as Raccoon Landing, on the east bank of the 
Trent River, about three-tenths of a mile upstream from the mouth of 
Scott Creek, the same marl is exposed. On the shore there is very little 
overbarden and in the fields back from the river it outcrops directly on 
the surface in places ao that the land cannot be cnltirated. 

Jiore Scotl Creel About Eigth-Tenihs of a .VU-e.—Ahoni ei^tr 
tenths of a mile farther upstream where there is a slight re-entrant in 
the bank a rery crumbly marl is exposed, pinkish-white in places, in 
others grayish-yellow. This is 12 to 15 feet thick in places or even 
more, resting according to report on the hard Trent limestone below. 
Parts of this marl seem very pure with almost no sand. 

Taylor's Landing. — At Taylor's Landing, one-half mile farther up- 
stream, a similar marl is exposed on the farm of J, C. Brown. This 
is a crumbly yellowish-gray marl which at the surface at least can 
be easily dug out with a pocket knife. It has little overbarden, shows 
wme evidence of pocketing and has a good thickness as far as could 
be observed. 

The entire east bank of the Trent River from Whitford's Landing 
to Taylor's Landing shows evidences of excellent soft maris with high 
lime content. For the most part these can be easily dng. Shipping 
facilities by water on the Trent Biver are available and with little 
expense to utilize. The area underlaid by this marl must be lai^ and 
from the topography it is probable that the overburden would not 
peatly increase in thickness except the slight amount due to the prob- 
able dip of die beds toward the east. Except for the lack of rail facili- 
ties this area appears to be equally as good as that now being worked 
on the opposite side of the river. 

PoUoksviiie — The majority of the Trent marls are fine materials 
or porous limestones in which the recognizable sbelb are those of clam- 
like mollusca. Around FoUoksville a distinct phase of the Trent for- 
mation is developed which represents an extensive Eocene reef of gi- 
gantic oysters (Ostrea georgiana) which are now embedded in a yellow 
or brown sand. This oyster marl is exposed for several hundred yards 
east of the Atlantic Coast Line bridge along the north bank of the 
Trent River, about 100 yards south of the depot at Polloksville, in the 
bottom of Mill Creek, half a mile southeast of the town, and on the 
south bank of the Trent River a short distance above the town. At 
the north end of the Atlantic Coast Line bridge, where the bed is beat 
exposed, it shows an overburden of three to five feet. The marl bed 
consists of a brownish calcareous sand packed with enormous rotten 
oyster shells throng a thickness of ten to twelve feet. (See PI. XIV, A.) 
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As previously mentioned, there is a variable amount of sand present 
in this bed. Analyses show from 55 per cent to 66 per cent calcium 
carbonate, and while not so valuable as the other type of Trent marl, 
it can be used to advantage locally, in the raw state especially, as it 
is sometimes phosphatic and analyzes three per cent to four per cent 
phosphoric aeid. Farther up Trent River these Eocene marls outcrop 
northeast and southwest of Olivers in the vicinity of Trmiton and near 
Comfort. Marls analyzed from the properties of T. F. Andrews and 
W. H, Haywood near Trenton show 34, 44 and 79 per cent calcium 
carbonate and the more calcareous beds should prove valuable for local 
Qsea. 

At Comfort the marl is similar to that in the northern part of the 
county mentioned in the following paragraph, analyzing 88.70 calcium 
carbonate and in every way a valuable marl. 

In the northern part of the county south of Dover a large area com- 
prising muofa of Beaver Creek Township and extending south through 
Tuckahoe to Onslow County appears to be underlain throughout most 
of its extent by materials of the Trent formation. These show eonsid- 
ahle variation from opening to opening. Sometimes the material which 
may be loose or hard contains large amounts of sand. Elsewhere con- 
siderable lime has been removed hy solution and replaced either with 
silica or ferruginous salts. The overburden is everywhere heavy except 
in low land or creek bottoms where it is reduced to from three to five 
feet. The marl has been used locally to a considerable extent, the 
practice being to dig it in the dry season after the crops are harvested 
and scatter it broadcast on the land in the raw state. Much of the 
land in this region is dark with a tendency to sourness and the marl 
is therefore a local resource of considerable importance. Samples of 
the loose marl, such as ia used hereabouts, from the property of Lovitt 
Hines of Einston, located north of Flat Swamp, showed 73.12 calcium 
carbonate and 0,66 phosphoric acid. 

A similar sample from the adjoining Foy plantation, where the marl 
is also tised to a limited extent, analyzed 64.79 calcium carbonate and 
0.31 phosphoric acid. A sample of the hard limestone from the Hinea 
plantation was tested for its availability for road surfacing by the 
United States Office of Public Koads with the following results: 

Specific gravltT 2.40 

Weight per cubic loot 154 

Water absorbed per cubic foot 2.66% 

Per cent of wear 10,11 

Frencli coefficient of wear 8.8 

Cementlns value 25.00 
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The official values for water bound macadam conatructioa are: French 
wwffieiMit of wear, five or over, and cementing value, 25 or over. Thus 
II16 Trent limestone is low grade for road building and while it would 
lona a good surface it would wear undulj fast. It is tough enough, 
liovever, to serve admirabl; for broken stone or cement concrete founda- 
tions and similar work, and in a region without other stone should be 
used locally where possible. 

Do PUN CODNTT 

The surface of the whole county is covered with a thick mantle of 
sands, loams, and swamp deposits of the Pleistocene terrace forma- 
tions, beneath which occur in disconnected areas remnants of various 
older deposits resting upon the Pee Dee Upper Cretaceous, which un- 
derlies the whole county except its northwestern portion, where still 
older Upper Cretaceous (Black Creek sands and laminated clays) re- 
place the Pee Dee deposits. 

The only formations likely to contain valuable marls are the Trent 
and Castle Hayue formations of Eocene age and the Duplin marl of 
Uiocene age. 

Marls of the Trent formation are likely to be found beneath a rather 
heavy overburden in a belt about ten miles in width extending from 
Bonthem Jones and northern Onslow counties westward to within a 
couple of miles of Kenansville. South of this belt the Trent is replaced 
by the Castle Hayne formation in the southeastern part of the county, 
where it is covered by the Angola Bay or Pocosin. 

An area of about 70 square miles in the western central part of the 
connty and extending into eastern Sampson County is underlain by 
deposits of the Duplin Miocene which frequently contain shell marls 
that have been worked from time to time. 

So far as known no openings have been made in the Trent Eocene 
for digging marl which here occurs in patches, as previously stated, 
and generally deeply buried. The Castle Hayne is also ratber far 
below the surface and so far as known has not been used except around 
the town of Chinquapin, where a sample from the property of G. Vf. 
Lamb showed 72.24 per cent calcium carbonate and 2.74 per cent 
phosphoric acid, and is an admirable marl for local use. 

Host of the marls dug in the county have come from the Duplin 
formation around Kenansville, Faiaon, "Warsaw, Magnolia, and Rose 
HUl. The -Duplin comprises unconsolidated sands, clays, and shell 
marls. The materials are exceedii^ly variable, the shell marls con- 
sisting usually of broken shells and sand, although in places coosid- 
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erable cla; is presect and at times the deposits are consolidated into thin 
beds of sand;^ limestone. 

The great variation in the proportion of sand or clay to shells makes 
it impossible to predict in advance of analysis the quality of local 
deposits of Duplin marl, for example, some samples of the marl on the 
property of W. H. Williams, of Warsaw, showed but 31.07 per cent 
calcium carbonate while other samples from nearby openings showed 
86 per cent. One sample from Rose Hill showed 90.74 per cent. The 
average of numerous analyses which have been made by the State 
Department of Agriculture shows 20 to 40 per cent insoluble — mostly 
sand, and from 60 to 80 per cent calcium carbonate. The Duplin 
marls generally contain small amounts of phosphate, generally from one 
to two per c«nt but at times running up to eight or nine per cent. 

None of the deposits in the county offer commercial poasibilitiee but 
they should be used to a greater extent locally where the cost of digging 
is not prohibitive. 

On BLOW COTJNTT 

The coastal portion of Onslow County is thickly covered by Pleisto- 
cene deposits, but in the northwestern two-thirds limestones and marls 
of Eocene age outcrop in places beneath the thinner Pleistocene cover- 
ing, or are to be found a short distance below the Burface. There is 
little detailed information available regarding the occurrence of marl or 
other geological data. Certain marls apparently of Duplin Miocene age 
have a considerable content of phosphate of lime and are excellent for 
local use. 

Belgrade. — Marl has been dug in considerable quantity for local use 
on the farm of F, C. Henderson. These pits are about one-eighth mile 
west of the White Oak River, one-half mile in from the road at a point 
about one-half mile south from the crossing near Belgrade Station. 
The pits were full of water at the time of visit (May, 1918) and most 
of the marl had been removed. The section exposed in the pit is re- 
ported by Mr. Henderson as follows: Overburden three to five feet, 
the upper two to four feet made up of a black soil below which is a 
bluish sandy clay about a foot thick with many roots. The marl is 
worked to a depth of six to eight feet, at which level water stops deeper 
digging. The upper part of the marl is fairly loose and contains nu- 
merous shells, corals, etc. The lower part grows harder and has teeth 
and bones with casts and molds of shells, many of the surfaces with 
blackish irregular (phosphatic) surfaces. 

The material has numerous flattened water-worn pebbles up to two 
inches in diameter. The material becomes hard at the base, and has 



Digitized byGoO^le 



LnuuTOHSB AND Mabls OF NoKTH Caroldta 125 

been blasted to a total depth of ten to twelve feet and seems to grow 
harder. The marl has been recognized under about 100 acres of this 
farm, and probably has a greater extent. It is reported on adjoining 
fanns for several miles to the south along White Oak River. 

A sample of this marl was analyzed by the N, 0. Geological and Eco- 
nomic Survey^" which gave 56.50 per cent of calcium carbonate and 
4.3 per cent of phosphoric acid. 

An analysis obtained at the State Agricultural Department by Mr. 
H^iderson gave 37.62 per cent calcium carbonate and eight per cent 
phosphate of lime. 

From available data it seems as if there were two formations present 
at this locality. There is an upper, softer mar], the shells in which 
have their color well preserved in some cases and which may be Duplin 
Miocene. Below is the more compact bluish material in which the 
sharks' teeth and pebbles are found. This seems to be more like the 
Castle Hayne than the Trent limestone in its characters, although at 
the next mentioned locality the characters are more like those of the 
Trent. 

The newly formed Belgrade Phosphate and Carbonate Company has 
a mill site and siding staked out one-eighth of a mile northeast of 
Belgrade. It is the intention to erect a mill at this point and grind 
the blue shell rock as a commercial product. The company has a con- 
siderable area under contract, and the mill has arrived at Belgrade. 
About 100 yards south of the site on the adjoining farm the blue shell 
rock is exposed in the ditches. There is here an overburden of from two 
to four feet consisting of soil and gravel, below which is six to ten 
inches of yellowish-white sand. Below this is the rock with occasional 
teeth and bones but largely made up of casts and molds of mollusca. 
This limestone can be broken out with difficulty with the use of a pick. 
It quickly discolors the water when broken, showing a considerable 
amount of soluble material. It is proposed to connect this outcrop and 
that of Mr. Henderson by a tram road with the mill when erected. 

Farm of Fred Xelson, Maysville. — On this farm, about three-quarters 
of a mile above Maysville on the river hank, there are pits about which 
piles of marl remained from the last season's digging. These pits were 
full of water at the time of visit (May, 1918). The marl itself is gray- 
ish-blue in color, fine in texture, but with great numbers of internal 
molds of a bivalve mollusk and occasional oyster shells. These molds 
are very similar if not identical with those found in the limestone at 
the Chemical Lime Company's plant on the Trent River, four mile« 
from New Bern. At that place, already described, similar molds make 

^'ruk p. Drue Anilftt. 
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up a large part of the limeatone, and the molds at the Maysville locality 
are equally abundant, although of entirely different color and texture. 

According to Mr. Nelson there ia about three and one-half feet of over- 
burden and then soft marl down to ten feet belov the bed of the rir^. 
The river bottom when dry is seen to be composed of this same marl. 
On the Jones County aide of the river Hr. !ReIson has about 60 acres 
which seem to be underlaid by this same marl. 

On the river about one-quarter mile above this point Mr. I^elson 
reports a bed of oyster shells in a aticlty matrix, "one shell measuring 
26 inches in length." This bed was covered by water and could not be 
observed, but from the description seems to be Osirea georgiana and 
simitar to the Trent beds near PoUoksvilla Another bed of these 
same oysters outcrops about one-half mile farther up the river, accord- 
ing to Mr. Nelson. 

Jacksanville to Bichlands. — At Jacksonville, at the east end of the 
bridge across the New River, there ia a hard, somewhat gritty time- 
stone with casta and molds of mollusk sheila. This ia exposed at the 
side of the road at this point. On the Richlands road from Jackson- 
ville a similar limeetone is exposed in and beside the roadway at the 
crossing of the two creeks, at Chapel Oreek and the small creek three 
miles south of Richlands. 

At the bridge over a creek one mile east of the Richlands-Jacksonville 
road, at the post marked "4 miles to Richlands," marl ia exposed in the 
bank and river bottoms. This is a crumbly limeetone with handa of 
softer material. There are few whole shells, but spines of echinoids are 
common and a great abundance of bryozoa. The material is light gray 
in color when exposed to the air, and is very similar to the material 
already described from the bridge at Clayroot Swamp, Pitt County. 
The marl is dug and hauled to the land where it is used broadcast. 
There are old mari pits here and there along this creek where marl has 
been dug some years ago. It appears to belong to die Trent formation. 
Analysis of the mari shows 66.49 calcium carbonate and 1.15 phosphoric 
acid. 

Marl ia reported on the farm of Sheriff Henderson, one mile north- 
west of Jacksonville, the overburden ranging from 18 inches to five 
feet, with about five feet of bluish-gray marl below containing a few 
shells and some shark's teeth. Thia is dug each year and apread on 
the land. It ia taken out by a windlass. 

Just back from the road three miles south of Hichlands, on the farm 
of H. C Simmons, on the east side of the road, marl outcrops directly 
at the surface. Thia is a very finely granular, mealy, creamy-white 
marl. Mr. Simmons reports his farm as largely underlaid with this 
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material as are tlie neighboring farms along the river, on several of 
whicli marl is dug and used each year. An analysis of a sample from 
the property of J. F. Brock shows 88.94 calcium carbonate and 2.30 
phosphoric acid. The general character of these marls is shown by 
the following analyses kindly furnished by Mr. J. K. Flummer through 
the courtesy of Dr. B. "W. Kilgore, State Chemist : 

Oalcinm Oarbonati OaMutn Photphait 

Richlanda phosphate rock 60.62 12.24 

Qreenhranch shell marl 42.28 4.61 

Jacksonville marl -' 66.49 1.15 

Saufboit County 

The county is covered with loams, sands, and swamp deposits of 
Pleistocene age underlain by non-marl bearing Cretaceous deposits. 
Beneath the Pleistocene surficial deposits and those underlying Creta- 
ceous beds are scattered areas of Duplin Miocene, and possibly Eocene, 
although little is known regarding the details of the geology of the 
■county because of lack of outcrops. 

The Duplin Miocene is known to underlie a broad belt in the eastern 
central portion of the county, which enters it from western Duplin 
County. This Duplin material extends from the head waters of Six 
Runs south to the vicinity of Lissa and Taylor's Bridge and westward 
beyond Clinton to Great Coharie Creek. These Duplin Miocene beds 
are not everywhere marl bearing, being often clays or sauds, nor do 
they form a continuous sheet but occur in disconnected areas of greater 
or lesser extent. Marls have been dug to some extent in the past and 
are recorded from several localities in the district lying between Clin- 
ton and Great Coharie Creek, 

The Duplin marls are mostly shell marls with a considerable per- 
centage of insoluble sand or clay. They show 40 to 50 per cent calcium 
carbonate and leas than one per cent of phosphoric acid. Samples from 
Taylor's Bridge analyzed by the State Department of Agriculture show 
26 to 56 per cent calcium carbonate and 0.70 to 1.50 per cent phos- 
phoric acid, A sample sent in to the department from Newton Grove 
in the northern part of the county showed 55.86 calcium carbonate 
and it is believed to represent an outlying patch of Eocene limestone of 
limited extent. Similarly another sample from Harrell's Store in the 
southern part of the county which analyzed 75.69 calcium carbonate 
probably represents a small isolated patch of Eocene, but whether 
these two belong to the Trent or the Castle Hayne formation cannot 
be determined. 
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la general, it may be said ttiat the marl resources of the county are 
limited. The marl is usually low grade and deeply buried, except in 
stream bottoms where water conditions interfere with digging. Where 
the overburden does not make the digging too expensive the marl should 
be utilized on the reclaimed swamp lands which cover considerable areas 
of the county. 

BOBESON Con NTT 

Beneath the surficial loams and sands of the Pleistocene, the county 
is underlain by the non-marl bearing deposits of the older Cretaceous. 
Resting on the uneven surface of the Cretaceous in the southeastern 
part of the county along the Lumber River and its tributaries, there is 
found beneath the Pleistocene cover isolaled patches of the Duplio 
Miocene, which here consists of broken shells embedded in a fine sand. 

In the past considerable marl was dug and spread broadcast on the 
land and old pits are to be found around Orrum, Ashpole, Fairmont and 
Lumberton. The marl ia of low grade and contains a large proportion 
of sand, and while it may still be occasionally utilised locally, moat of 
the old openings have been obscured by time, 80 that the quality and 
overburden cannot be determined without more time being spent in the 
study than the quality of the marl warrants. From the few analyses 
available the marl appears to run below 50 per cent calcium carbonate. 

The Pliocene Waccamaw marl has been dug to some extent around 
Kosindale (Christopher Moore property) and Councils (Thomas J. 
Jones and Thomas N. Mausbie properties), about nine miles down the 
river from Elizabeth town, and northeast of East Arcadia along Steep 
Run branch and other smalt streams that have trenched the hills. 

The Waccamaw marls are very variable and a shell bed may be re- 
placed by almost pure sand within a short distance. Where a shell 
bed is well developed ]f, is likely to be thin and have a considerable 
overburden. The action on the land is also slow unless the marl ia 
ground. This marl has been exploited commercially by B. K. Keith 
at Neill'a Eddy Landing in Columbus County, but this operation has 
now ceased. 

Analyses of the Waccamaw marl, as previously stated, show a wide 
range in the calcium carbonate content. Those from Bladen County 
range from 4S to 94 per cent calcium carbonate. Farmers of the 
county whose land is underlain by shell marl must be guided by the 
amount of overburden, the local cost of labor, and the quality of the 
marl as determined by. analyses. When these factors are favorable 
local use should prove profitable, but it is doubtful if any of the marl 
deposits of the county possess commercial possibilities because of their 
variability, limited extent and thinness of the deposits. 
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Pender County 

FleistoceDe sands, loams, and swamp deposits cover the whole surface 
and except in low bluffs along some of the streams, entirely conceal 
the underlying formations. Marine Cretaceous beds underlie the whole 
county. Above the Cretaceous and occupying depressions in its surface 
in the region lying almost entirely east of the Wilmington-Goldsboro 
branch of the Atlantic Coast Line R. R. are isolated patches of Eocene 
marl or limestone belonging to the Castle Hayne formation, and these 
are in turn overlain in places by thin beds of Miocene. The latter, 
however, are very insignificant in this region and of no importance as 
local sources of marl in the county. Along the coast the materials 
to a considerable depth below the surface are Pleistocene and some- 
times these Pleistocene deposits contain shell beds useful as local sources 
of marl. 

The Castle Hayne formation has been reported at scattered points 
throughout the eastern half of the county. Marl was formerly dug 
from it on the McMillan property, one mile southeast of Watha, where 
it appears to be slightly phosphatic and overlain by a few feet of Miocene 
shell marl. The Castle Hayne has been reported along the valley 
of the northeast Cape Fear from the vicinity of Burgaw southward. 

A considerable area extending from southeast of Ashton through 
Rocky Point and southward into New Hanover County is underlain by 
Castle Hayne marl or limestone, which approaches so near the surface 
around Rocky Point that it is frequently struck in ditches, post holes, 
and road cuttings. Most of the McRae plantation two miles east of 
Rocky Point ia underlain by Castle Hayne marl or limestone lying 
but a short distance below the surface. 

The overburden consists of from two to five feet of prevailingly 
'lilack land" with a high content of humus. The upper layers of the 
Eocene to a depth of three or four feet are usually fine grained and 
chalky, and easily ground. The materials become coarser downward, 
with shell fragments, phosphatic pebbles, and sharks' teeth, and may 
pass into a hard limestone, or contain concretionary masses of hard 
partially silicified limestone. 

Sometimes the marl and limestone are more or less ferruginized by 
percolating waters from the dark humus soil and contain numerous 
limonite concretions. A small mill is used for grinding and the pro- 
duct is used to advantage. None is sold. Analyses show 87.5? cal- 
cium carbonate and 0.56 phosphoric acid. The marl is thus high 
grade and particularly adapted to correct the dark and somewhat acid 
soils of this section of the county. 
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Samples of the hard rock from this localit; vere tested for road 
Burfacing by the office of Public Roads and showed a cementation value 
of 26 and are therefore suitable for constructing water bound macadam. 
The amount available for this purpose is not large, however, and could 
probably not be profitably utilized except in conjunction with the 
commercial exploitation of the overlying marl for agricultural pur- 
poses. 

The N. M, McCathrin property, which is about two miles east of 
Rocky Point railroad station and about three-quarters of a mile from 
the Northeast Cape Fear River, was examined in 1913 by Mr. John 
E. Smith of the North Carolina Geological and Economic Survey. 

The marl pit on this property showed from 4 to 6 feet of the Castle 
Hayne marl, similar to that described above, with but one to two feet 
of overburden. The lower one to two feet of the marl is a hard, dark 
gray limestone containing phosphate pebbles up to one inch in diameter; 
while the upper three to four feet is real marl and part chalky. 
Samples were taken of this particular portion which gave on analysis 
88.91 per cent of calcium carbonate and a sample of the harder portion 
gave on analysis 87.16 per cent calcium carbonate. 

This property was also examined by the State Geologist^^ in 1914, 
who stated that only one pit had been dug on the property which was 
made at a point about five-eighths of a mile north of Mr. Nixon's 
house and near the bank of Middle Creek. An area of about 250 feet 
radius from the pit as a center was examined by means of an iron rod 
to determine the depth of the marl below the surface. Eight test holes 
were sunk by means of the rod which showed the shell marl to extend 
over this area at depths varying from 4 to more than 15 feet below 
the surface. About five^ighths of a mile up Middle Creek. from the 
pit referred to and about 300 yards southeast of Mr. Nison'a house 
the marl was encountered at 7 to 9 feet helow the surface. This 
indicated that there is a wide area on this plantation that carries this 
marl. A sample of the marl taken from the pit was analyzed by F. 
P. Drane of Charlotte, with the following resnlts: 

Per cent. 

Lime, CaO 25.75 

Phosphoric acid, P^Og 38 

Insoluble (principally sand) 51.45 

While this marl will not make a commercial proposition, the material 
can be used locally with good results. 

"Report on J. C. Nixon property near \Vood«id», Pendfr County. North Csrolin*, by Ja»ph 
Byda Fn>K, tor Usjor W. A. Grahmm, CommiBsioaer of Atriculturt. Raleigh, N. C, Noreni- 
bar IS 14.. 



Digitized byGoO^le 



LlMBSTOITEB AND MaBLB OF NoBTB CaBOUKA 131 

Aoalyses of Castle Hayne materials made bj the State Department 
of Agriculture for French Bros., of Rocky Point, show from 45 per 
cent to 92 per cent calcium carbonate, and analyses of the lower phos- 
phadc layer show 55 per cent calcium carbonate and 16.42 phosphoric 
acid. 

Unquestionably these high grade marls around Rocky Point should 
be much more extensively utilized than they have been in the past. 
Xone are conveniently located with respect to rail or water transpor- 
tation or they might find a ready market in the rich truck farming 
country along the Atlantic Coast Line. 

About 1% miles east of Woodside, on the Wilmington-New Bern 
branch of the Coast Line, marl has been dug on the property of J. C. 
Nixon. This shell marl appears to be of Pleistocene age but may repre- 
sent a loosely compacted phase of the Castle Hayna At the opening 
the overburden is T'?^ feet. The marl has a thickness of ten feet, most 
of which lies below the water table. Prospecting shows a considerable 
area in the vicinity underlain by marl, but nowhere does it approach 
close enough to the surface to be dug economically. It is also low 
grade, containing over 50 per cent of sand and 25 to 2$ per cent calcium 
carbonate, and only 0.38 per cent phosphoric acid. It, therefore, has 
no commercial possibilities, and it is doubtful if it can be dug cheaply 
enough to even, warrant its use locally. 

Nbw Hanover Coitntt 

The surface of the county ranges from tide to 50 feet elevation and 
is formed for the most part of the loams, sands, and swamp deposits 
of the Chowan terrace plain of Pleistocene age. Around the margin 
of the Chowan in the southern part of the county is a narrow atrip of 
similar but younger materials which are referred to the Pamlico for- 
mation. The northwestern part of the county is underlain, some- 
times at shallow depths, by the marls and limestones of the Castle 
9ayne formation of Eocene age, and in limited areas where a depres- 
sion exists in the surface of the Castle Hayne, thin beds of limited 
extent represent remnants of Miocene shell marls. The latter are, 
however, too infrequent and limited to afford a source for agricultural 
marb and are, moreover, of very low grade. 

The Castle Hayne formation, which is the younger of the two Eocene 
formations known in North Carolina, was named from the exposures 
in the County Quarry at Castle Hayne. Its materials are variable 
and comprise marls, limestones, and to a subordinate degree conglom- 
erate layers. The most common phase is a fossiliferous limestone of 
varying hardness and composition, which has in the past been exten- 
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sively quarried for road material, Ixith at the County Quarry near 
Castle Hayne and at the Wilmington City Quarry on Smith Creek. 
At the City Kock Quarry operations ceased a number of years ago 
and the old openings are now filled with water. Material from this 
quarry was used in macadam construction, but it lacks the requisite 
hardness to withstand heavy wear, although it would serve very satis- 
factorily for county roads, particularly if surfaced with Tarvia or 
some similar preparation. The improved streets in Wilmington are 
now either paved with brick or asphalt. (See Plate XV, A.) 

The Castle Hayne in the old quarry has been worked out over an 
area of about six acres where the overburden was from four to eight 
feet, and consisted of a total thickness of from 12 to 15 feet of mart, 
shell rock and pebble rock. Considerable areas in the vicinity are 
underlain with Castle Hayne although the overburden is from ten to 
fifteen feet, which is, however, loose sand and easily removed with a 
steam shovel. The marl is in general too hard to be especially valuable 
for agricultural purposes without grinding, and lies too deeply buried 
to be dug profitably, except in conjunction with quarrying operations 
to obtain road material. Such operations are not likely in the imme- 
diate future as the county at the present time poasesaea no equipment 
for quarrying. 

The County Hock Quarry at Castle Hayne is just west of the high- 
way, eight miles north of Wilmington, The overburden is sand and 
variable in thickness, ranging from three to twelve feet, and considerable 
areas worked with convict labor have been worked out in past years. 
The present small opening, not in operation during the summer of 
1918, shows a slight overburden, which has been removed over part of 
the surface of the limestone. This upper surface is deeply eroded by 
solution pockets similar to those seen in the Trent formation, but less 
strongly developed. The limestone is very fine grained, somewhat 
sandy, contains some sharks' teeth and many bryozoa. It averages 
about three feet in thickness. Below this is a layer averaging three feet 
in thickness, a coarse lime cemented conglomerate with many black 
phospbatic pebbles, and others mixed with them of various kinds and 
sizes, all showing signs of being water worn. There are great 
numbers of sharks' teeth in this layer, both whole and broken, although 
most of them show signs of water wear. Below this conglomerate is a 
layer of soft, crumbly marl. This is dug out as is also tho conglom- 
erate, and carried away by the farmers as dressing for their land. 
Below the soft layer is another hard layer two feet thick, and below 
this another layer of softer marl exposed in a small hole blasted in the 
floor of the quarry, (See Plate XIV, B.) 
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About thirty and one^ighth miles above Wilmington and three and 
one-quarter miles above Castle Hayne bridge, on the left bank of North- 
east Cape Fear River, rotten fossiliferous Eocene rock, similar to cer- 
tain layers at the Caatle Hayne rock quarries, rises seven feet or eight 
feet above water's edge. 

As previously mentioned the Caatle Hayne affords in its harder layers 
satisfactory material for macadam construction where the traffic is light. 
The interbedded softer layers so common in the formation are too soft 
for satisfactory road surfacing but useful as a marl. They show a 
wide range in calcium carbonate content and may run as low as 35 per 
cent or as high as 75 per cent. The phosphatic pebble layer normally 
present at the base of the formation analyzes between 50 per cent and 
55 per cent calcium carbonate and from six to seven per cent of phosphoric 
acid, the individual pebbles running as high as 31 per cent phosphoric 
acid. This material, as well as most of the Castle Hayne marl, requires 
grinding to make its action as a top dressing for agricultural purposes 
at all rapid. 

It is doubtful if the Castle Hayne marls can be worked profitably 
aoder existing labor conditions, but if abundant supplies are available 
near the surface they should prove useful on the dark soils — those of 
the Portsmouth series, or those extensive areas of swamp land in the 
county that only require to be drained and limed to yield profitable 
crops. 

At several localities in the southern part of the county considerable 
areas of coquina or shell rock are present in the Pleistocene Pamlico 
formation. The most extensive of these is a bed in Federal Point 
Township, 13 miles south of Wilmington and one-quarter of a mile west 
of the Fort Fisher or Carolina Beach highway. The outcrop is about 
300 yards wide and extends for about a mile parallel with the highway. 
The overburden is a coarse to fine ferruginous loam and gravel and 
varies from two to ten feet in thickness. The coquina is somewhat 
sandy, of alternating beds of fine and coarse layers, with pebbles, and 
oyster and clam shells. It is too sandy to constitute a high grade marl 
and too hard to be utilized without grinding. It is, however, an excel- 
lent road material and has been used locally on the county road to 
Carolina Beach which was completed in the spring of 1917. It appears 
to stand up well, but would be improved by a tar surfacing. A test 
made by the Department of Public Roads of the IT. S, Department of 
Agriculture from a sample collected at this quarry showed a cement- 
ing value of 29. (See Plate XVII, B.) 

Similar Pleistocene coquina rock is exposed along the beach east of 
old Fort Fisher, and again one mile south of Carolina Beach. In a 
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r^oa where local road materials ere so scarce these supplies should 
be utilized to a much greater extent than they are at the present time. 

BatJNSWlCK COUNTT 

The surface consists of sands, loams, and swamp deposits of the Tarious 
younger Pleistocene formations. The country is low and large areas 
of the nearly level surface are occupied by swampa. These surficial 
deposits are underlain by patches of the Waccamaw Pliocene and the 
Thiplin Miocene, and possibly by a southwestern extension of the Castle 
Hayne Eocene. The northern part of the county is underlain by the 
clayey green sands of the Pee Dee Cretaceous. The outlook for avail- 
able local marl deposits throughout moat of the county is not especially 
promising. Small areas of Waccamaw marl which is found near Acme 
in the northeastern comer of the adjoining county of Columbus, and is 
of high grade, may be met with in the northern part of the county in 
the vicinity of Oape Fear River, or in the southwestern part of the 
county near Waccamaw River, but none such are known to the writer. 

Supposed Castle Hayne limestone has been reported from a number 
of localities in the eastern part of the county along Old Town Creek 
and its tributaries, and marl has been dug to a very limited extent in 
the vicinity of Winnabow and El Paso. So far as known none has 
been dug in recent years. It is probable that these marls and reported 
occurrenoee of Eocene limestone represent the Duplin Miocene. Such, 
at any rate, was the case in the deposit investigated on the Forks plan- 
tation about SYs miles ten degrees south of west of Brunswick Ferry. 
Marl was formerly dug here and used broadcast on the land, but none 
has been used for 15 or more years and the pits are filled with slumped 
materials and masked by vegetation. 

A low ridge six to twelve feet high borders the tidewater swamps 
along the Brunswick River for upwards of a mile. The Duplin Mio- 
cene at several points reaches to just above tide level. At the old 
opening the overburden consists of five to six feet of sandy loam. The 
shell marl is of unknown depth and consists of a sandy shell marl with 
sniall nodular masses of shell limestone. 

Analysis shows 87.57 per cent calcium carbonate. 

Bladen County 

Beneath the surficial Pleistocene loams and sands the whole county 

is underlain by Cretaceous deposits. Limited areas where Miocene or 

Pliocene beds are present in isolated patches between this underlying 

Cretaceous and the overlying Pleistocene occur at a number of points 



Digitized byGoO^le 



LlHEBTORBB AND MaSLS OF NoBTH CakOLINA 135 

south of Cape Fear River and occasionally outcrop in atream bottoms 
where the country is broken. 

The Duplin Miocene with sandy shell marls may be expected in the 
area south of the river from Tar Hill to a few miles below Elizabeth- 
town and southward beyond Abbottaburg and Clarkton. The aimilar 
sandy abell marls of the Pliocene Waccamaw formation are found be- 
tween Rosindale and Cape Fear River and north of East Arcadia. 
The outcrop on the river at Walker's Bluff, where a high grade shell 
marl shows a thickness of five to ten feet and is overlain by about 15 feet 
of sand and clay. 

The following notes on marl in Bladen County were made by Mr. 
John E. Smith pf the North Carolina Geological and Economic Survey 
during the summer of 1916: 

"Some prospecting for marl has been done on the farms of Miss 
Anna Guion Stith and Mr, C. W. Lyons, about three mites northeast- 
ward from Dublin on the right (south) bank of the Oape Fear River. 

"There is a landing on each of these and the bluff here is three 
hundred yards or more from the river. This bluff reaches a height 
of nearly one hundred feet and varies in gradient from nearly vertical 
to very gentle alopea. 

"An outcrop of shell marl was found at or near a location known as 
'Oyster Shell Ridge' on Miss Stith's farm. The unweathered rock of 
the stratum was not exposed but the loose material covering it on the 
hillside indicates a total thickness at this place of probably six feet of 
good shell marl. The samples obtained showed the presence of 65 per 
cent to 70 per cent of a CaCOg which is probably much lower than would 
be shown by testa of material taken directly from the marl bed. Among 
the foBsila observed are Pelecypods, Gastropods, Bracbiopods, Bryo- 
zoans, etc., part of which are well preserved, but most of them are 
f ragmen tal. 

"The position of the marl bed is well toward the top of the bluff and 
pits would be easily and thoroughly drained in working it. The de- 
posit lies beneath five to twenty-five feet of sand and clay, on which 
heavy timber stands, and therefore could not be exploited profitably in 
small areas unless larger ones are found; these a considerable search 
along the bluff failed to reveal. Several occurrences of marl along 
the creeks in this vicinity and one or more along the road to Lumber- 
ton are reported." 

What was probably Duplin marl has been dug on the Clark property 
four miles southeast of Elizabetbtown. It has been dug from time 
to time for local use without grinding and is reported from the Pierce 
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property, two miles northeast of CUrkton and along Brick YaTd branch, 
four miles south of Clarkton. 

Marl is also reported at various localities in a belt extending along 
the tributaries of White Marsh Creek from about four miles north of 
Clarkton southward to Whiteville in Columbus County. 

The analyses available from the records of the State Department of 
Agriculture show considerable variation in quality and a range of 44 
to 94 per cent calcium carbonate. 

Columbus County 

The surface is formed by the sands, loams, and swamp deposits of 
the Wicomico and Chowan Pleistocene formations. The Wicomico is 
the higher, better drained, and more rolling of the two and reaches 
elevations of upwards of 80 feet. It forms the northern and western parts 
of the county. The Chowan is lower, occupies the southern and eastern 
section of the county, and contains broad areas of swamp land. The Pee 
Dee cretaceous underlies the whole county beneath the thin mantle of 
these Pleistocene formations. It contains no marls of agricultural 
value, although large amounts of the Fee Dee materials are utilized by 
the Acme Fertilizer Company as a filler for commerical fertilizer. 

Beneath the Pleistocene mantle and occupying depressions in the 
surface of the Pee Dee cretaceous shell marls of the Duplin Miocene 
and Waccamaw Pliocene are often encountered. These usually are 
present as thin beds of shell mart or rock, and may be met with in any 
part of the county, although none are reported from the southern half 
of the county. The Duplin formation outcrops along the north shore 
of Lake Waccamaw and underlies a considerable area northeast of the 
lake. 

The outcrop on the lake shore and in adjoining gullies shows two to 
ten feet of ferruginous sandy clay of Pleistocene age, beneath which is 
an eight foot bed of Duplin marl, consisting of broken shells embedded 
in broken shells and sandy clay. Beneath this there is a four foot bed 
of compact shell limestone. The upper bed of shell marl has been found 
■near the surface at various localities in the vicinity of the Florence 
Branch of the Atlantic Coast Line R. R. from the vicinity of Bolton 
westward as far as Fair Bluff and has been dug sporadically and spread 
troadcast on the land at various localities near Bolton, Wbiteville| Chad- 
bourne and Fair Bluff. It is of low grade and usually too sandy to be 
useful except on heavy clay soils. Analyses of several samples show a 
varying calcium carbonate content ranging from 30 per cent to 60 per 
cent. The shell limestone underlying the marl in the vicinity of Lake 
Waccamaw contains traces of phosphoric acid and 55 per cent calcium 
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carbonate. As it is deeply buried, except^ along the lake shore, and 
would require grinding to be of use, it is not to be reconunended as a 
source for agricultural lime, (See Plate XVI, A and B.) 

The Waceamaw Pliocene contains local deposits of shell marl of 
high grade, but usually of slight extent and thickness. It underlies con- 
siderable areas in the vicinity of Acme (formerly Cronley) in the 
eastern part of the county. It overlies the Pee Dee Cretaceous in the 
workings of the Acme Fertilizer Company at Acme but is only a few 
inches thick and is not utilized. It occupies a number of small basins 
northeast of Acme in the vicinity of I^eills Eddy Landing on Cape 
Fear River and was formerly worked commercially by B. F. Keith 
Here the country is timbered and the overburden heavy, ranging from 
five to fifteen feet. For ten years or more prior to 1913 operations 
were carried on. The marl varied slightly in quality, analyses made 
for Mr. Keith by the State Department of Agriculture showing from 
65 to 95.83 per cent calcium carbonate, and the ground product 85 
per cent. Sample collected by the writer in 1918 showed 0.46 phosphoric 
acid and 77.96 calcium carbonate. On account of the heavy overburden 
the plant was moved to a locality about one-fourth mile south of Green- 
bank Landing. 

The overburden is shoveled into small cars that run on a tramway 
and is dumped into the pit filling it at some distance back from the 
face of the marl, as progress in excavation is made. The marl is 
easily loosened with picks and no blasting has been done. Pita have 
been opened at various distances not exceeding 500 yards from the 
crusher, to which the marl is transported in a tram car, (capacity, half 
a ton) drawn by a mule. As the crusher is of the swinging hammer 
type, the marl must be thoroughly dried before reaching it; this ia 
accomplished by means of the method known as the American process. 
A hollow tube 22 feet long and about two feet in diameter is mounted 
in such a way as to permit rotation while the lumps of marl are passing 
through it. This tube is placed between a brick furnace and a smoke- 
stack, with the furnace end about three feet lower than the other, and 
conveys a direct blast of heated air from the furnace to the smokestack. 
The marl enters this revolving drum at the upper end and passes in 
three minutes to a conveyor at the lower end that transports it to the 
crusher. The capacity of the dryer is eight to ten tons daily. Power 
for all of the machinery is supplied by a 15 horse power gasoline 
engine. 

The ground marl is stored in a bin as it leaves the crusher. From 
the bin it is put into bags of 200 pounds each, and transferred to 
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lighters (capacity 60 tons eapt) on the river only a few feet away. At 
Wilmington it must be reloaded, and ia sold for $7.60 to $9.00 per ton 
f. o. b. cars. This lime is used as a soil amendment. 

The mill is usually in operation from September or October to April 
or May, but in 1913 did not begin until late in November, when it was 
installed in its new location. The annual output varies from 600 tona 
to 1,000 tons, and when the plant is run at full capacity about 15 men 
are employed. 
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NORTH CAROLINA'S POSITION IN THE MARBLE, LIME- 
STONE AND LIME INDUSTRIES 



Introduction 

ITie unfortunate position of North Carolina and South Carolina 
with respect to the great limestone resources of the country is shown 
in Plate 1. The great series of extensive limestone and dolomite for- 
mations of the Appalachian Mountains passes southwestward through 
Tii^nia and West Virginia, across eastern Tennessee within a. very 
short distance of the North Carolina boundary, across the northwest 
comer of Georgia and into central Alabama. Only a few relatively 
small outliers of this great series are found in western North Carolina, 
and besides these there are only small deposits, mostly of inferior quality 
and unfavorable location, in the western half of the State, and marl or 
shell rock deposits, most of which are also inferior, in the eastern part. 

So far as the actual tonnage of limestone in the more important 
deposits is concerned, the state's resources are considerable, but their 
restricted distribution and distance from large markets compared with 
the more widely distributed deposits of the other states further limits 
their industrial importance. 

The first table below, compiled from reports of the State Geologist, 
shows the comparatively small total value of marble, limestone, and 
lime produced in North Carolina since statistics have been available, 
and later tables show the corresponding total values of limestone and 
lime produced in adjacent states during recent years. 

Total Taldi or UimBLB, LmsroHB. 1 



I8w!I...^ 


t MM 

m 


190* 


t 19,aS7 

n'.m 
K.m 

IM.Ml 


1910 

mj 

IMS 


140,304 
lU.MB 


1»1» - 

m« 


t ITS.IH 
2S3.910 


iWJ 


8.!W 
13. Its 


IW - 

IMM 

1»M 













DqitizedbyGoOl^le 



140 



LiMBBTOITEB AND MaBLS 07 NoBTH CaBOLIITA 



The production of marble and limestone (including marl) in North 
Carolina, compiled from reports by the State Geologist and the tJ. S. 
Geological Survey, ia shown in the following tables, in as much detail 
as available data permit: 
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Mabble 

Activity in developing marble quarries in North Carolina has been 
intermittent since 1900, if not earlier, but in no year have sales been 
made by more than one company. During this period marble quarry- 
ing has been an important industry in the neighboring states of Ten- 
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nessee, G«or^B and Alabama. Its annual value during recent years 
has averaged about $1,000,000 in Tennessee and Georgia, and the marble 
has been sold throughout a great part of the country. The marble 
deposits of North Carolina are lesa favorably situated so far as freight 
rates are concerned, hut this is probably not the main factor retarding 
development, as marble of superior quality and attractiveness has been 
marketed throughout the country in spite of high freight rates and long 
hauls. Moat of the marble thus far prospected in the state has been 
too much fractured to be quarried economically, and no more attractive 
than marbles well established in the trade. The stone quarried by the 
Regal Marble Company, at Regal, Cherokee County, is a partial excep- 
tion to this rule, as it is in part different in appearance from any other 
marble quarried east of California, and baa found favor as a monu- 
mental stone. At a few other places in Cherokee, Macon, and Swain 
counties marble of sufficient quality to merit development has been found, 
some of it resembling marble quarried in Georgia and some of it of un- 
usual if not unique color, but, all things considered, North Carolina is 
not destined to become an important marble- producing state. 

The following notes on development are taken from the State Geolo- 
gist's reports on the mining industry in North Carolina from 1900 to 
19 IS inclusive: 

In 1900 the Notla Marble and Talc Company was active a large part 
of the year at the Kinsey quariy, 5 miles southwest of Murphy. Four 
channelers were in operation and some splendid blocks of marble were 
taken out, but no sales of marble for building or monumental work were 
reported during that year or subsequent years. The only sales reported 
from this quarry have been for flux. 

The Culberson quarry, to the southwest and near the North Carolina 
boundary, was under development about the same time. No sales of 
marble have ever been reported from it, however, although some waste 
stone may have been sold for flux. 

At Regal, 3^ miles northeast of Murphy, development work began 
probably in 1902 and sales of monumental and building stone were made 
in 1903 and 1904. No production was reported during the next three 
years, but sales have been made in every subsequent year, from 1908 
to 1918. 

In 1907 efforts were begun to interest capital in marble deposits in 
Swain County, and during the following 2 or 3 years the North Carolina 
Mining and Talc Company did some development work. Some blocks 
were quarried for exhibition purposes, but no sales of marble were re- 
ported at that time or in subsequent years. 
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Frospecting for marble at other places in Cherokee and Swam 
counties has taken place at different times, but there have been no devel- 
opments comparable with those mentioned in the preceding paragraphs. 

All of the other limestone deposits described in Part II of this re- 
port are crystalline and may be termed marble, from the strictly geo- 
logic standpoint, but very little of it would meet the commercial require- 
ments of marble. 

LIMESTOinS 
Fresent Uses 

The production of limestone, including marble for flux, and marl or 
shell rock for road metal, has increased from practical insignificance 
in 1900 to a total value of more than $100,000 in 1917 ; but this value, 
as shown by the accompanying table, has been much less than that of 
any other southeastern state except Georgia and South Carolina, Geor- 
gia has an abundant supply of limestone in its northwest comer, be- 
tween the productive districts of Tennessee and Alabama, which limit 
its markets in these states, which are nearer than markets, other than 
agriculture, within Its own area. Deposits in South Carolina are even 
fewer than in Xorth Carolina. 
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North Carolina's increase in the production of limestone has been 
due mainly to the marked increase in pulverized limeetone for agricul- 
ture. This has been a rather important product in the neighboring 
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States, but veiy aubordinate to crushed stone and flux in all except 
Georgia. North Carolina's value of pulverized limestone sold has ex- 
ceeded that of most of the other states, even Virginia and West Virginia, 
in some years. 

Flux.— The flux represented in the accompanying table was mostly 
waste, sold to furnaces and smelters in southeastern Tennessee, from the 
marble quarries in Cherokee County, principally the Kinsej quarry. 
A small quantity has been sold during the past year or two by Clinch- 
field Lime Company, Asheford, to open hearlb steel plants. Quarries 
of fluxing stone in Cherokee County must compete with quarries in 
northen Georgia and southeastern Tennessee, and it is significant that 
no quarries in that county or elsewhere in North Carolina were worked 
for flux in 1916 to 1918, although the demand for copper and iron was 
auuaually great. Either more suitable atone can be obtained elsewhere, 
or satisfactory stone can be quarried more economically elsewhere now, 
that the supply of waste marble and stone above water level at the 
Einsey quarry has been largely exhausted. Stone to be suitable for 
flux should contain very little silica and alumina, or "insoluble" (pre- 
ferably 2 per cent or less), should be practically free from phosphorus 
and sulphur. Both high calcium and high magnesium or dolomitic 
stone is satisfactory, each being preferable in certain particulars. Of 
the 37 limestones represented by analyses tabulated on pages 149- 
151 only 14 are sufficiently low in silica and alumina to receive 
very favorable consideration. Of these the dolomite marble in Mitchell 
County (analyses 19 and 20) is by far the best. It is on the line of the 
Caroline, Clinchfield & Ohio Railroad which connects it with industrial 
centers in northeastern Tennessee. Anaylsis No. 31 is also unusually 
low in "iuBoluble," but is probably not an average of the rock quarried, 
and is much more distant from metallurgical centers. 

Cnuhed Stone. — The crushed stone sold from 1901 to 1910 was 
mainly if not wholly shell rock from New Hanover County. Craven, 
Columbus, Beaufort, and Jones counties also furnished this material 
during the next few years, but very little of it is used at present. An 
intermittent production of crushed dolomite began at Hewitts' in Swain 
County in 1912; more steady production began at Fletcher, Henderson 
County, in 1912, and at Asheford (Linville Falls Station), McDowell 
County, in 1916. These three quarries have railroad connections and 
are equipped to supply a considerable demand. The low price of 
crushed stone, however, and the availability of granite in the central 
parts of North Carolina and South Carolina partially limit their mar- 
kets to the western parts of these two states, where large cities are few. 
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The results of physical tests on limestone and dolomite made b; the 
Bureau of Public Roads, U. S. Department of Agriculture, are given in 
the table below,*' In the table the term marble implies crystalline high 
calcium limestone. The weights per cubic foot of the marble are very 
close to the theoretical weight of pure calcite, and signify a general 
absence of pore space, which is also indicated by the low degree of 
absorption. Of the dolomites that marked "Hewitts, Macon County" 
(probably from Swain County as it was shipped from Hewitts, Swain 
County) has almost the theoretical weight per cubic foot of pure dolo- 
mite. The others are not quite so heavy, probably because of the small 
percentage of calcite present. 

The high calcium rocks show a somewhat higher percentage of wear 
(a lower French coefficient of wear) than do the dolomites, and are 
hardly suited for more than light traffic (less than 100 vehicles a day). 
That of the dolomites, however, is for moderate traffic (100 to 250) 
vehicles a day) on water-bound macadam and for moderate to heavy 
traffic on bituminous roads. The same remarks apply to the tests for 
hardness and toughness, which, so far as available, compare favorably 
with the average for limestones, dolomites, and marbles in the country. 
Teet No, 8,295 is rather unusual, showing a comparatively high coeffi- 
cient of wear, but inferior hardness and toughness. Only three of the 
tests show more than low cementing values. 
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Agricultural Limestone. — The use of pulverized limestone as a fer- 
tilizer or soil amendment has increased rapidly during the last ten 
years, increasing aix-fold from 1911 to 1916. North CaroliDa's pro- 
duction has made even greater increase during these years, and has 
continued to increase during 1917; but there was a marked decrease 
during 1918, owing to adverse conditions of transportation during the 
war. 

The figures for years prior to 1917 include a certain quantity of marl, 
but this product is shown separately for 1917 and 1918, Marl at 
present is produced by the State Department of Agriculture, the Trent 
River Marl Co. and a few others who produce for local use. It ia 
probable that some small quantities dug occasionally by farmers at 
various places for their own use are not included in the figures of pro- 
duction. The production in 1918 increased considerably over that of 
1917, but not enough to offset the decrease in pulverized limestone. 

The great majority of the marl deposits of the state, as shown by 
Berry and Cushman in Part III, are too low in lime content and too 
unfavorably situated to be of more than strictly local interest. Only 
those near New Bern and Wilmington are capable of supplying more 
than local demand. They are especially favored by water transporta- 
tion to points along the coast and hy railroad connections to points in 
the eastern half of the state and in the adjacent part of South Carolina. 

Pulverized limestone is produced hy the Buquo Lime Company at 
Hot Springs, Madison County, the Blue Ridge Lime Company at 
Fletcher, Henderson County, and the Clinchfield Lime Company at 
Asheford (Linville Falls Station), McDowell County. Part of the pro- 
duct enters into manufactured fertilizers, and part is applied directly 
to the soil. The rocks pulverized at Hot Springs and Asheford are 
both dolomites, or high magnesian limestones. That at Fletcher is 
in part high calcium and in part high magnesium, and the average 
product marketed is about midway between the two in composition. 
The State Department of Agriculture has opened a quarry and pulver- 
izing plant in eastern Tennessee to produce high calcium rock, as the 
only readily accessible high calcium rock of good quality in North 
Carolina, except a part of that quarried at Fletcher is in Cherokee and 
Swain counties, where freight ratps are so high that it is more eco- 
nomical to import limestone from Tennessee. High calcium rock of ade- 
quate purity may exist in Buncombe County northeast of Fletcher but 
can be located only by prospecting at considerable expense. High cal- 
cium rock has also been reported in the vicinity of Hot Springs. This 
was found unsuitable for burning into lime but may be satisfactory 
for pulverizing. By far the greater part of the limestone deposit at 
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Hot Springs, including that How produced for agricultural use, is the 
hi^ magnesium variety. Although the State Department of Agricul- 
ture favors high calcium limestone for use on the soil, hoth high calcium 
and high magnesium limestones have been applied in various parts of 
the country with satisfactory results. So far as marls and high mag- 
nesium limestones are concerned, the present producers are well situated 
for supplying the greater part of the agricultural demand. Further 
discussion is given on page 167, under burned lime for agriculture. 



ReqnIremeDta for Otlier Uses 

The quantity and value of limestone sold for various uses, other 
than the manufacture of cement and lime in 1916, 1917, and 191S, is 
shown in the following table. ^^ 
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In addition to this great quantity the following approximate quan- 
tities were used in the manufacture of cements and lime. 

Lime used in cement and lime industries in 1916, 1917, and 1918 in 
short tons: 
Fortland cement (Including llmestcme jg^g iqu jgjg 

and some "cement rock") 23,323,220 24,M0,230 17,668,700 

Natural cement 158,054 102,260 67,300 

Ume 7,685,723 7,m,000 6.400,000 



31,166,997 31,963,490 24,126,000 

The total quantities used for all purposes in these 3 years, about 
98,400,000, 95,400,000 and 78,000,000 ahort tons, respectively, proves 
the importance of limestone in the industrial world. The three leading 
products, flux, crushed stone, and Portland cement, far exceed the others 
in quantity of limestone used. Lime is a poor fourth, stone for alkali 
works, fifth; agricultural stone, sixth; riprap, seventh; building stone, 
eighth ; stone for sugar factories, ninth, and stone for glassworks, tenth. 
Of these products the only ones represented in North Carolina's output 
are flux, crushed stone, agricultural stone, and burned lime. The 
conditions limiting the output of the first three have already been con- 
sidered. The lime industry of the state is discussed on pages 159 
to 166. 

As the suitability of limestone for most of the remaining uses depends 
upon its chemical composition, available analyses of limestones in 
North Carolina are given here before their qualifications for different 
usese are considered. 
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Chisokee County — No. 1. CuHm*boii Quarry, Marble. Nitze, H. B, C, 
Iron ores of North Carolina, First Biennial B«port ot the State 
Oeoloslst, 1S91-92— 56. 

2. Kineej' Quarrj'. Marble. Nitze, H. B. C.. Iron ores of North Car- 

olina, First Biennial Report of the State Oeologlat, 1891-92 — 56. 

3. Kinsey Quarry. Pint marble. (Pratt, J. H., N. C. Geol. Surrey, 

Econ. Paper No. 3, pp. 22-23, 1900, Charles Baskerville, analyst. 

i. Kinsey Quarry. Blue marble. (Pratt, J. H., N. C. Oeol. Surrey, 

Bcon. Paper No. 3, pp. 22-23. 1900, Charles Baskerrille, analyst.) 

5. White marble In contact with talc. (Pratt, J. H., N. C. Geol. Sur- 

vey, Econ. Paper No. 3, pp. 22-23, 1900, Charles Baakervllle. 
analyst.) 

6. Marble. Hayes place, Tomotla. 

7. White marble, Hlckeraon's place, near Andrews (Nitze, H, B. C, 

Iron ores of North Carolina, Bull. 1, p. 209, 1893.) 

8. Marble. Regal Quarry. W. B. Kllgore, analyst. 

10. Motley Mine, one mile northeast of Tomotla. White marble In 
contact with talc. (Pratt, J. H., N. C. Oed. finrray, Econ. 
I^per No. 3, pp. 22-23, 1900, Charles Baskerrille, analyst.) 
Swain County — No. 11. Hewitts. White marble in contact with talc. (Pratt, 
J. H., N. C. Oeol. Survey, EScon. Paper No, 3, pp. 22-23, 1900, 
Charles Baskerrille, analyst.) 

12. Hewitts. MaT4)le. (The mtnlns Industry In North Carolina dur- 

ing 1901. Economic Paper, No. 6, p. SO, 1902.) 

13. Hewitts. Dolomite. (State chemist.) 

Hadibok County — No. 14. Ubrble from Marshall. N. C, E. C. Bullivan. an- 
alyst. (U. S, Oeol. Survey, Bull. 591, pp. 227-228. 1916.) 
15. Hot Springs. O. C. Buqno I<ime Co.'s quarry. Dolomltic limestone. 

Mitchell County — No. 16. Marble from Bafeersvllle, N. C, E. C. Sullivan, 
analytrt (U. S. Cteol. Surrey. Bull. 591, pp. 227-228, 1915.) Prob- 
ably the tntermont (Toecane) deposit. 
17. Marble from Intermont (Toecane), furnished by the Carolina, 
Clinchfield and Ohio Ry. 

McDowKLL Codntt^^No. 18. Dolomite from Avery tract Furnished hy Car- 
olina. Cllnchfleld and Ohio Ry. 

19. Dolomite from Henofer tract and adjoining lands, rumiabed by 

Carolina. Clinch field and Ohio Ry. 

20. Dolomite from near Llnvllle Falls Station. Furnished by Car- 

olina, Cllnchlield and Ohio Ry. 

21. Dolomite Irom near Linville Falls Station. Furnished by Car- 

olina, Cllnchfleld and Ohio Ry. 

22. Dolomite from ClinchSeld Ume Co., Unville Falls Station. 

23. Dolomite from Pitts tract. Furnished by Carolina, CllnchBeld 

and Ohio Ry. 

24. Dolomite from Woodlawn. Diamond drill boring made by N. C. 

Geol. Survey, F. P. Venable. analyst. 

25. Dolomite from Woodlawn. (Bnll. 1. K. C. Oeol. Survey. 1S93, p. 

233, W. B. I^lUtpe, analyst. 
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2S Dolomite from Woodlawn. An&lyst, N. C. Dept. ot Agrlcnltnre. 

27. Dolomite from Woodlawn. Analyst, N. C. Dept. of Agriculture. 
Hekdebson Coubtt — No. 2S. M'arble from Fletcher. Oeorge Stelger, analyst 
U. 8. Gool. Survey, Bull. 691, pp. 227-228, CO2 calculated to sat- 
isfy bases. 

29. Limestone from Blue Ridge Lime Co., D. K. Pope, analyst N. C. 

Geol. Surrey, Economic Paper, No. 9, p. 76, 1905. 

30. Limestone from Blue Ridge Lime Co., D. K. Pope, analyst. N. C. 

Oeol. Survey. Bconomtc Paper, No. 9, p. 76, 1905. 

31. Umestone from Blue Ridge Lime Co. Analyst, N. C. Dept. ot 

Agriculture. 

32. Dolomite from Blue Ridge Ltme Co. Analyst, N. C. Dept. of 

Agriculture. 

jACKsott CouKTi— No. 33. Marble from Caney Fork. Partial analysis by W, 
T. Schaller, U. S. Geol. Survey, Bull. 591, m>. 227-228, 1915. 

Catawba Cousty — No. 34. Dolomite from Powell quarry. N. C. Qeol, Sur- 
vey, First Biennial Report, 1891-92. 
35. Dolomite from the Shuford quarry. N. C. GeoL Survey, First 
Kennlal Report, 1S91-02. 

LiHCOLR CODNTT — No. 36. Dolomite from the Keener quarry. N. C. Qeol. 
Surrey, First Biennial Report, 1891-92. 

Most of these analysea were incomplete, and the percentage of carbon 
dioxide was calculated. Where silica, alumina, and iron are very low, 
the calculated percentage is essentially accurate, and where it does not 
bring the total within 0.25 of 100, some error has evidently been made 
in the analyses. Where alumina, iron and especially silica amount to 
considerably more than 1 per cent, a part of the lime and magnesia were 
probably combined with them to form such minerals as feldspar, tre- 
molit^ and epidot^ and the calculated percentage of carbon dioxide is 
correspondingly too high. This is evidently the case in analyses Koa. 7, 
14, and would be in Wos. 37, 38, and 98, in which calculated carbon 
dioxide would bring the totals to as much as 106 or 107 per cent. In 
analysis No. 17, where carbon dioxide has been definitely determined, 
it is insufficient to balance both lime and magnesia. If all the magnesia 
is regarded as carbonate, only 41.83 of the 47.35 per cent of lime can 
be present as carbonate, the balance entering into epidote and other 
silicates which are known to be present. "Where, in spite of the rather 
high percentage of impurities and the calculated carbon dioxide, the 
total is considerably below 100, the difference may be due in part to 
failure to determine other constituents, notably alkalies, but is more 
probably due to inferior analytical work. 

The incompleteness of the analyses is also shown by the general fail- 
ure to separate alumina and iron oxides, or to determine the constituents 
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of "insoluble." Without accurate detertaiuation of these constituenta 
it is impossible to state whether a limestone can be recommended foe 
certain uses. 

Portland Cement 
Portland cement is made by burning a definite mixture of finely 
ground limestone and shale, or other rock containing the requisite quan- 
tities of silica, alumina, and iron oxides to fusion, and finely grinding 
the resulting clinker. The raw mixture contains about 75 per cent 
calcium carbonate and 25 per cent of silica, alumina, and iron. As 
the limestone is finely ground its original form is of little consequence, 
and may ho ordinary limestone, marble, chalk, or marl. Furthermore, 
as a certain quantity of silica, alumina, and iron is to be mixed with 
it the presence of these impurities in the limestone is not objectionable. 
Some limestones contain approximately enough of them to yield a 
cement without admixture of shale, and are called cement rock. Large- 
quantities of "natural cement" were formerly made from cement rock, 
but the more carefully prepared Portland cement has almost entirely 
replaced it in the building industry. Limestone for Portland cement,, 
however, must not contain more than 7 per cent of magnesia, as mag- 
nesia tends to hydrate, or combine chemically with water, after the 
cement is in use, causing it to swell and disintegrate. The alkalies- 
were formerly considered undesirable, if in any considerable quantity, 
but may be volatilized during burning and a large pa^ of the potash 
present recovered as a by-product. 

Few of the analyses on page 149 are sufficiently complete to show 
the potash content, but magnesia and silica, alumina, and iron together 
or separate are shown in all. "Insoluble" shown in some of the analyses 
consists principally of silica and alumina with some iron. In most of 
the analyses the magnesia is much higher than the maximum allowancK 
for Portland cement. 

By far the most promising deposits for manufacture of cement are- 
those along the Murphy Branch in Cherokee and Swain counties. From 
Murphy northeast to Marble Station there is high calcium limestone 
(marble), accompanied by heda of high magnesium limestone; but it 
lies in depressiona so that quarry operations necessarily involve pump- 
ing. As the formation is largely concealed beneath soil, it is impossible 
to predict where a sufficient quantity of high calcium rock free from 
high magnesium rock can be found. The marble quarry at Regal gives a 
general idea of the relation between topographic and quarrying condi- 
tions and shows the large-st exposure of high calcium rock in the state. A 
gravity water supply can be obtained from creek tributary to Valley 
River. From Marble east to Andrews the broad valley along the rail- 
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road U underlain by marble. The only available analysis ((No. 12) 
shows a high magDeeium content, bnt it is possible that prospecting 
with a drill may disclose a sufficient quantity of high calcium rock. 
The marble area along the Murphy Branch from N'antahala to Hewitts, 
Swain County, contains both high calcium and high magnesium rock. 
Quarries here can be made self-draining and plenty of water for use 
at the plant may be obtained by gravity. 

Although there is no true shale near these marble deposits, they are 
bordered by the Talleytown formation, which includes large quantities 
of slate and mica schist or metamorphic shale, parts of which may not 
only prove to be of suitable composition for Portland cement manu- 
facture but to contain enough potash to yield a profitable by-product. 

By-product potash from Portland cement plants is the most promising 
sonrce of domestic potash after normal conditions of international 
trade are re-established and is especially worthy of consideration in 
this case as the southeastern states are by far the largest consumers of 
potash in the country. 

There is a general complaint that high freight rates have retarded 
developments of limestone and marble resources along Murphy Branch, 
and the distance from adequate markets and sources of fuel supply is 
also unfavorable to the establishment of a Portland cement plant in 
this area. 

High calcium limestone is reported from the vicinity of Hot Springs, 
Madison County, but all specimens collected during recent study prove 
to be dolomitic, and available analyses show high magnesium content. 
The high calcium rock is said to have crumbled and choked the kiln 
during attempts to burn it into lime. This behavior may well have 
been due to presence of unsuspected dolomite (Mg.-Ca. Carbonate), 
which may decompose with explosive violence if heated too rapidly. 
High calcium and high magnesium rocks frequently occur in thin alter- 
nate beds, and the sample taken from a high calcium bed may have 
failed to show the average magnesium content. 

The red Watauga shale is abundant on the north side of the main 
limestone body, both east and west of the river. Other rocks that may 
be suitable for mixing with the limestone are the Hiwassee slate, which 
forms the steep slope along the railroad from Putnam westward for 
more than a mile; the Nichols slate, which crosses the river about V/i 
miles southeast of Hot Springs and covers a considerable area northwest 
of Hot Springs near Paint Rock ; and the Murray Slate, which forma 
a narrow east-west band several miles long extending along the south 
edge of Hot Springs. The gneiss in the vicinity of Marshall may also 
deserve consideration because of the potash content. 
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Near Fletcher, Henderson County, high caloinm and high magnesium 
rocka (analyses Nos. 28 to 32, page 151) are exposed in the Blue Ridge 
Lime Company's quarry, which is connected hy spur track 2 miles 
long with the Southern Kailroad. The limestone formation here is a 
lens about 1 mile long, but should be carefully prospected before a 
new quarry is opened. The limestone underlies a flat valley and quarry 
operations involve pumping. There is no gravity water supply readily 
available. The adjoining rock, called the Brevard schist, is a mica schist 
which may prove suitable for mixing with the limestone and for yield- 
ing by-product potash. 

High calcium rock may also form parts of the other limestone lenses 
northeast and southwest of Fletcher, but its presence can be determined 
only by considerable careful prospecting. 

The only other prospects worthy of any consideration are in the vicin- 
ity of Kings Mountain (city). This limestone also is so thoroughly 
concealed that much prospecting is necessary to determine its character ; 
but at one or two places, notably at the steep source of a south dry 
branch of Abemathy Creek, one-half mile east of the railroad and 1^ 
miles northeast of Kings Mountain, the topography is favorable for 
quarrying. For the most part the formation lies along creek bottoms 
and the cost of pumping would preclude any extensive quarry develop- 
ment. The limestone where exposed contains many thin partings of 
micaceous shale, which vary in quantity to such extent that an unusually 
careful check should be kept on the chemical composition of the rock 
produced. No analyses of this limestone are available. 

Marls are abundant in Coastal Plain region, but their analyses, ac- 
cording to E. C. Eckel^^ show them to be unsuitable as quarried for the 
manufacture of Portland cement. 

AlKALI MaNUFACTUKb'® 

In the manufacture of soda ash both lime and carbon dioxide are 
used, and manufacturers therefore obtain limestone and bum it 
themselves rather than purchase the two products separately. High 
magnesium limestone is said to be unsuited for this industry, although 
the objectionable properties of magnesium are not stated. Caustic soda 
is made by dissolving soda ash in water and adding lime. Magnesia is 
inert and its presence lowers the percentage of active lime. Impurities 
tend to contaminate the finished product. High calcium limestone as 
free as possible from impurities is therefore required, and only a few 

J tbe Unilsd Stit«: U. B. 0«l. Bnrraf, 
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of the analyses quoted, notably Nos. 1, 15, and 31-34, represent rock 
of satisfactory qnality. 

SUGAB MAIIU7ACTUBB 

Both lime and carbon dioxide are also used in the manufacture of 
sugar, and many manufacturers therefore buy the limestone and burn 
it, although a considerable number buy burned lime. Magnesia and 
silica are both troublesome and each ebould constitute leas than 2 or 
3 per cent of the rock, a requirement which limits the state's resources 
to the high calcium deposits represented by analyses Xos. 1, 15, and 
31-34. 

Ql^SS MANOFACTtTKI 

Ground limestone is generally used in the manufacture of glass, but 
quicklime and hydrated lime are sometimes used. Magnesia renders 
the glass more difficult to melt, but is a valuable constituent in certain 
glasses. For all but cheap green glass the content of iron oxide must 
be less than 0.3 per cent and for optical glaaa less than 0.05 per cent.''^ 
Only a few of the analyses on page 149 show iron oxides separately. 
Qualitative tests, however, have proved that the high magnesium lime- 
stones of the state are prevailingly higher in iron than the high calcium 
Btonee. Microscopic and chemical examination shows the marble in the 
Rega\ quarry to have a remarkably low content of iron, even where the 
per cent of magnesia may be considerable. The high calcium stone 
in the Blue Kidge Lime Company's quarry at Fletcher is also probably 
low enough in iron, and this small quantity could be still further re- 
duced if it were practical to select stone free from black streaks. On 
the other hand, a specimen of high calcium, or at least low magnesium 
stone from the south quarry at Hewitts has an unusually high content 
of iron. Information thus far available would restrict the resources 
of limestone for the manufacture of high-grade glass to the present 
quarries at Begal and Fletcher. 

Paper Manufactuee 
Both high calcium and high magnesium lime and high calcium lime- 
stone are used in different processes of paper manufacture, but of five 
processes, soda, sulphite, sulphate, rag, and strawboard, all but the 
sulphite process, call for high calcium lime, in which calcium oside is the 
only useful ingredient. The sulphite process, if "milk of lime" is used, 
calls for a high magnesium lime carefully burned, containing at least 
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97 per cent magQesium oxide (about 19.4 per cent in the unbumed 
stone), and not more than 3 per cent of silica, alumina, and iron oxides 
together; if raw limestone ia used it calls for a high calcium limestone 
containing at least 94 per cent calcium carbonate, not more than 1.5 
per cent of combined silica, alumina, and iron oxide, and not more than 
5 per cent of magnesia.''^ Of the analyses quoted, only Noe. 15 and 
31 meet the requirement of raw limestone for the sulphite process. 
These are also the best for the other processes, although lime from atone 
represented by analyses Nos. 1-4 and 32-34 may also be used if obtain- 
able at lower cost than purer limestone. Of the high magnesium lime- 
atones Nos. 10, 19, 20, 21, 23, 27, 28, and perhaps 18, should yield 
lime suitable for the sulphite (milk of lime) process. High magnesium 
lime was furnished for this process by one producer until a few years 
ago, when the consumer changed to a different process. 

Dead-Burnkd Dolomite 

Since the war has cut off the sui^ly of Austrian magnesite, formerly 
used for flooring aud lining basic open-hearth steel furnaces and copper 
furnaces, there has been a rapidly growing demand for dead-burned or 
sintered dolomite. The purer and perhaps some of the less pure dolo- 
mites, or high magnesium limestones in I^orth Carolina, should prove 
suitable for this usa A small quantity of North Carolina dolomite 
was shipped for use as a flux in open-hearth steel furnaces in 1918, but 
the cost of producing the dead-burned product, which reqniree admix- 
ture with a small percentage of ground clay or slag and rebuming at 
a high temperature, would discourage this enterprise unless operation 
on a large scale could be assured. The larger metallurgical cwiters are 
supplied from dolomite deposits much nearer than those in North 
Carolina. 

Basic Maonebiom Cabbohate 

"Basic magnesium carbonate," or magnesium alba, is a mixture of 
the carbonate and hydrate of magnesium made by the removal of cal- 
cium carbonate from dolomite. The resulting product is particularly 
valuable for heat insulation, and is mixed with 15 per cent asbestos 
to make pipe and furnace coverings and other forms of insulators. As 
the principal demand for this product is in the leading manufacturing 
centers, most of which are included in the northeastern part of the 
country, the dolomite deposits best situated for supplying raw material 
are some of those in Pennsylvania and Ohio. There is very little pros- 
pect at present of a demand for North Carolina dolomite for this 
purpose. 

"Sp«ciflcBtii>Ti9 for the lulphitc procsu from > letUr to the writer by C. T. Bhodea, Inlcr- 



DqitizedbyGoOl^le 



IiiMxsToins AjsD M*«Tjt OF NoRTH Cabouna 159 

Building Stonb 
With the exception of the marble of the state, whose commercial im- 
portance has already been considered, there is no limestone or dolo- 
mite in western North Carolina that is attractive as a building stone 
and that can therefore attain more than a local market for roughly 
trinimed stone. The stnieture of the stones ia unfavorable for the pro- 
duction of curbing, flagging, or paving. Even for local use the cost 
of opening a quarry to supply the necessarily small demand would be 
too great to encourage the attempt. Kiprap and rubble are supplied 
from waste roek or from quarries opened near some large engineering 
project. At most places in western North Carolina other kinds of stone 
are more available for these uses than limestone. The local use of shell 
rock for building in the eastern part of the state where no other suit- 
able rocks are found is described on page 132. 

MiifOR Uses 

There ia a great variety of minor uses for limestone, for example, 

chicken grit, £ller for asphalt, paint, and other materials, and filler 

etone, but none of these alone is sufficient to give much encouragement 

to the opening of new quarries in the state. 

LIHE 
Production in TTorth Carolina 

The production of burned lime in North Carolina since 1901 is shown 
in the following table : 

Limb Sold in North Carolina, 1901-1918 yumberof 
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The production of lime until 1905 served to supply small local de- 
mands. In 1904 the Blue Ridge Lime Company opened a quarry and 
erected two kilns near Fletcher, Henderson County, and in 1905 added 
two more kilns. The plant was connected with the Southern Railroad 
by a tramway, and later by a broad gauge railroad, 2 miles long, and 
a market of considerable extent established. In the few following years, 
presumably because of increased costs of manufacture, production for 
local consumption gradually ceased, and since 1915 the Blue Bidge Lime 
Company has been the only continuous producer. There was formerly 
intermittent production of lime reported from Buncombe, Transylvania, 
and Yadkin counties in the western part of the state, and from New 
Hanover, Jones and Fender counties in the eastern part. Small produc- 
tion for local use, of which there is no definite record, was formerly made 
in other counties whose limestone deposits are described in this report. 
Froduction for local demand was a feature of the lime industry before 
the development of railroad facilities, improved methods of manufac- 
ture and increased cost of operations rendered production on a small 
scale by crude methods impractical. 

Some increase in production of lime is to be expected when the plang 
of the Clinchfield Lime Company to erect kilns and a hydrating plant 
at Aaheford (Linville Falls Station) are carried out. The Carolina 
Lime Company has been recently organized to produce lime in the vicin- 
ity of Woodlawu, McDowell County. Both of these properties are 
near enough to the Carolina, Clinchfield and Ohio Railroad to have 
ready access to all the principal markets of North Carolina and South 
Carolina, With the eatablishment of these two companies the best 
quarry sites in North Carolina have been taken up, and there is little 
prospect of further growth of the limestone and lime industries of the 
state; for any marked increase in demand could be more economically 
met by increase in the output of existing plants and by imports from 
adjacent states than by the development of deposits within the state 
but poorly situated for quarrying or transportation, 

ProdDctloD and ConsDiaptlon In the Sontkeutem 8I^«8 
North Carolina's position in the burned lime industry during 1918 
and 1917, compared with other southeastern states, is shown in tii& 
accompanying table. During each of these years North Carolina 
ranked 28th among the lime producing states of the country, and 6th 
among the 7 producing states in the southeast. Vir^nia, which ranks 
third among the producing states of the country, consumes a lai^e quan- 
tity of lime and also supplies markets in Maryland, Pennsylvania, and 
the District of Columbia, and other northern states, but the largest 
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consumer of Virginia lime is North Carolina. West Virginia, whicli 
ranks fourth, is a comparatively small consumer, but has its principal 
lime plants near its northern border, conveniently situated for supplying 
markets in several of the northern states. Tennessee, which ranked 
12th in 1916 and 13th in 1917, consumes only from one-fourth to one- 
third as much lime as the lime produced, and ships most of the re- 
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mainder to other southern states, particularly North Carolina. The 
same general statement applies to Alabama, which ranks 16th, among 
the lime producing states, Florida, which ranked 26th in 1916 and 
24th in 1917, consumes almost its entire output and about two-thirds 
as much again, but its per capita consumption, like that of most of the 
southeastern and southwestern states, is low. 

The per capita consumption of lime for the country was .04 ton in 
1916 and .037 in 1917. With the exception of Virginia, all southern 
states are below the average. Virginia, Maryland, Pennsylvania, and 
Delaware include some of the most thickly settled industrial districts 
in the country and are correspondingly far above the average. Only 
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14 states and the District of Columbia equaled or exceeded the average 
in 1916 and 1917. Forth Carolina's conaumption of lime ie not far 
below the average per capita and is considerably greater than that of 
any other southeastern state. 

In normal times from 40 to 45 per cent of the lime produced is used 
for building, and approximately fequal quantity goes to chemical works 
and manufacturing plants which require lime in their process, and the 
remainder is used mostly in agriculture. North Carolina, therefore, 
evidently surpasses most of the neighboring states in the number of 
buildings of superior quality erected annually, but its principal cities 
are small compared with those of states whose consumption of lime 
equals or exceeds the average per capita. No great increase in the 
consumption of building lime is, therefore, to be expected, although 
substantial gains may result from the use of hydrated lime in concrete 
construction work, as recommended by many construction engineers. 

The industrial growth of North Carolina and of the south as a whole 
is promising as regards increased consumption of chemical lime. Sta- 
tistics are not available to show any growth in the state's use of chemical 
lime. Of the lime produced within the state some has been used for 
tanning and for the cooking of pulp for the manufacture of paper, but 
data regarding these uses are too few to be significant. Most of the 
chemical lime used has been brought in from other states. 

Data regarding burned lime, or quicklime, for agriculture are also 
too meagre to show definitely any changes in demand for it. Although 
some authorities have claimed that the caustic property of quicklime 
is injurious to soil, recent demonstrations have disproved this claim, 
and preference for quicklime hydrated lime, or pulverized limestone is 
based mainly ou the readily available content of lime and magnesia 
and differences in cost. Producers of both quicklime and pulverized 
limestone have found that farmers located close by railroads tend to 
favor the relatively low priced limestone whose content of lime and 
magnesia ranges from below 50 to 55 per cent, whereas those who must 
haul their lime a considerable distance from the railroad to the farm 
prefer the relatively high priced quicklime whose content of lime and 
magnesia ranges from 95 to 98 per cent. For certain purposes, whose 
discussion is beyond the scope of this report, one form of lime may be 
preferable to the others, but in general the choice depends upon the 
ultimate cost of applying a certain quantity of available lime and 
magnesia to the soil. 
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B^UiOB of N«rth Canllna's Bmonrces to Beqnlrwifiits 
In view of North Carolina's coneiderable consumptioD of lime com- 
pared with its small production, what are the prospects of supplying 
more of the state's requirements from within its own boundaries? 
These depend upon the quality of lime required, the quality that is and 
can be produced and the cost of getting it to market. The one lime- 
producing company that was active in 191S has both high calcium and 
high magnesium rock in its quarry. It can produce high calcium lime, 
but its high magnesium stone tends to choke the kiln during burning if 
used alone. The two are or can be burned together, producing a lime of 
intermediate composition. The other two companies mentioned on page 
160 can be expected to produce only high magnesium lime. None of 
these three companies are poorly situated as regards transportation. 
The company which has produced lime at Hewitts, Swain County, has 
high magnesium rock which bums well, and high calcium rock which, 
though of good chemical composition, bums to an unsatisfactory color. 
It may, however, be handicapped by high freights which may place 
it at a disadvantage compared with producers of the same qualities of 
lime, not only within North Carolina but in eastern Tennessee as well. 
In the undeveloped deposits, or those worked intermittently on a small 
scale, both high calcium and high magneeium rocks occur abundantly 
in the Cherokee-Swain County area, but are handicapped by high 
freight charges; other high calcium rock may be found in the Fletcher- 
Boylaton-Brevard group of deposits but most of the stone worked or 
tested is magnesian, and is a considerable distance from a railroad. 
Only high magnesium stone has been proved to exist in other deposits 
whose location entitles them to commercial consideration. The marl 
deposits in the eastern part of the state are nearly all high calcium, 
but attempts to produce burned lime from them have been unsuccessful. 

BuiLDmo LtuE 
Building lime is made from both high calcium, high magnesium and 
intermediate rock, but the different varieties of stone do not behave 
identically during or after burning. High magnesium atone decomposes 
at a lower temperature than high calcium stone, and if burned by one 
accustomed to high calcium stone is likely to become somewhat sintered 
or overburned. Overbumed particles of lime tend to slake incompletely 
during the mixing of mortar or plaster, and later to complete their 
slaking in the wall causing the plaster to "pop." Any kind of lime 
will "pop" if incompletely slaked, but the mistreatment of high magne- 
sium lime by one unaccustomed to high calcium lime may result in an un- 
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usually large amount — enough to condemn the lime. Dolomite, the 
chief mineral constituent of high magnesium limestone, may decom- 
pose with explosive violence if heated too rapidly,'^ and the resulting 
fine material will then choke the draft in the kiln — another disadvantage 
that results if the properties of the stone are not appreciated. There 
are other causes of draft-«hoking, for example, the presence of a 
small percentage of free silica which unites with lime to form calcium 
disilicate, whose formation is accompanied by sudden expansion which 
reduces the lumps of stone to powder. The choking of the draft by 
high calcium stone may be due to this cause or to the unsuspected presence 
of some dolomite. Both high calcium and high magnesium rocks may 
contain a considerable quantity of occluded hydri^en sulphide or other 
gasses whose expansion during too rapid heating may cause disintegra- 
tion and draft-choking. 

Properly burned high magnesium lime slakes more slowly and with 
less evolution of heat than high calcium lime, and this difference may 
also result in improper treatment of one variety of lime by one accus- 
tomed to another kind. The magnesia or magnesium oxide in burned lime 
does not slake when water is added under ordinary conditions, that is at 
atmospheric pressure, as it constitutes about half the volume of high 
magnesium lime, or, in other words, as it dilutes the active constituent of 
lime by about 50 per cent only a proportionate quantity of water is 
required for slaking and only about half the heat is evolved during 
slaking that would he evolved hy an equal quantity of high calcium 
lime; but it takes water longer to reach all the active particles. The 
amount of shrinkage during the settling of the lime and the amount 
of sand that should he added to make a good mortar will also vary 
according to the quantities of active calcium oxide and inactive mag- 
nesium oxide in the lime. Some slaked limes, particularly certain high 
magnesium limes, have a much higher degree of plasticity or spreading 
quality than others, and are held in such high favor that they have 
been shipped to markets hundreds and even thousands of milea away. 
The cause of this quality has never been satisfactorily determined. A 
few limes possess it to a marked degree, whereas others of practically 
identical composition are deficient in it. 

This brief discussion of the principal differences between the two 
kinds of lime will readily explain some of the prejudices held against 
cither kind for certain uses. It is said that in eastern Pennsylvania, 
where large quantities of high magnesium lime are produced, high 
calcium lime is held in disfavor by builders, whereas the reverse is true 
in Virginia, where there is a large production of high calcium lime. 

oHild^brmnd. W. F.. Chemlckl ■!!■];■?■ or silicBte and eirboniU toc1». U. a. 0»1. 
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In North Carolina the one important manufacturer of building lime 
produces a high calcium product, or at least one with only a low con- 
tent of magnesia. The preferences of builders is not known to the 
writer, but the fact that so much lime is shipped in from the high 
calcium districts of Virginia, Tennessee, and Alabama, suggests a 
preference for high calcium lime. Some of the largest deposits of high 
magnesium limestone in the state appear to be well suited for burning 
into lime and to be advantageously situated as regards transportation 
to the principal cities of the state; but those of high calcium atone, 
other than the one now worked, are less favorably situated. 

Increase in the production of building lime in North Carolina de- 
pends, therefore, on the demonstration that a good quality of high 
magnesium lime can be produced on a commercial scale and on the 
proper treatment of the lime by the builder, DifGculties attending the 
slaking or hydrating of the lime may be overcome by the installation 
of a hydrating plant by the producer, which will enable him to furnish 
properly hydrated lime to the builder with explicit instructions r^ard- 
ing its sand-earrying capacity and the quantity of water to be used in 
mixing. 

Chemical Lime 
The use of lime in chemical industries has greatly increased in recent 
years, and at the present rate of increase will soon become the principal 
uje. There are considerably more than one hundred uses of lime in 
manufacturing industries, including the manufacture of sundry chemi- 
cals, and of such products as paper, sugar, and leather. Almost none 
of theee chemicals and other products contain lime, but is necessary to 
bring about certain chemical reactions in the process of manufacture. 
The composition of the lime, as of limestone, is more important in the 
chemical industries than in the building industry, as the impurities in 
the lime may produce undesired reactions, or, if inert, may lower the 
efficiency of the lime and increase the cost of operation. 

The most prominent impurities in lime as shown by the analyses of 
limestone on page 149 are silica, alumina and iron oxides. Other 
impurities may be present in minute quantities but are seldom deter- 
mined in analyses of burned lime. Magnesia may be regarded as an 
essential constituent or an impurity according to the particular chemi- 
cal process under consideration. Some limes have been shipped across 
several important lime-producing states because of their unusually low 
content of silica and magnesia ; others because of their high content of 
magnesia, biit almost total freedom from iron. In contrast to these 
both high calcium and high magnesium limes are equally suited for 
some uses, and it may make little or no practical difference whether' 
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quicklime, hydrated lime, or ground limeatone is used. A great deal 
of investigation remains to be carried on before the essential properties 
of limes for different chemical uses are thoroughly understood and appre- 
ciated. The following statements will serve, however, to outline the 
principal requirements of lime for some of the more important indus- 
tries, named in order according to the quantity of lime used annually by 
them in the United States,'* 

Paper Manufacture. — This use has already been considered under 
limeatone. 

Tanning. — In the leather industry limewater is used for loosening 
the hair from the hide, and high calcium lime is usually required. 
Magnesia, silica, alumina are injurious because they make the lime 
more difficult to slake, and iron because it may cause stains in the 
leather. One special process, however, calls for lime with very high 
magnesium but with less than 0.10 per cent of iron. 

Sugwr Manufacture. — This use also has been considered uuder lime- 
stone. 

Olaas Manufacture. — This use also has been considered under lime- 
stone used in the manufacture of glass. Calcium oxide is always essen- 
tial. Magnesia may be desirable or undesirable according to the kind 
of glass to be made. Iron imparts a green color to glass. For white 
glass oxides of iron must be less than 0.3 per cent, and for optical glass 
less than 0.05 per cent of the unbumed stone. 

Calcium cyanamid. — Calcium cyanamid is prepared by heating a mix- 
ture of lime and coke in an electric arc furnace and treating the fused 
mass with nitrogen, which is obtained from the fractional distillation 
of liquid air. High calcium quicklime is required. Impurities are un- 
desirable on account of the expense required to heat them, and lime- 
stone containing 97 per cent calcium carbonate was specified as the raw 
material for the Government plants. The cyanamid plants authorized 
by the Federal Government were designed to consume lime equivalent to 
600 tons of limestone a day. This large demand would place a premium 
on suitable stone within a short distance of the plant. 

lUuminating gas. — ^High calcium lime is essential for the purifying 
of illuminating gas derived from coal. Calcium oxide is the only useful 
constituent, although magnesia and impurities are not harmful. 

^' A inor« «xtend«d outUno of the reqaire 
Iw Enl^. W. B., In "Tlw •ourca, manufacture, ana nae oi iim» ; 
United SMlei, Calendar ywr ISlS^Port II, pp. 1SS1-IG9S, U. I 
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OH, fat, and soap manufacture. — In these industries also calcium 
oxide is the only useful constituent of lime, although magnesia and im- 
purities are not harmful. 

Other industries. — For most other induatriea using lime, calcium 
oxide is necessary or desirable, although magnesium lime may be equally 
suitable for some. Those which require high magnesium lime are few 
in comparison. The preponderance of high magnesium limestone in 
Xorth Carolina, therefore, is not favorable for the attraction of many 
of the chemical industries. The most favorable districts are those along 
the Murphy Branch of the Southern Railroad, but these, as already 
stated, have been handicapped by high freight rates, and it has not been 
demonstrated whether they are free enough from interbedded dolomite to 
snpply large requirements like those of the Oovemment cyanamid 
plants. The only chemical uses that have been reported from North 
Carolina lime are paper manufacture (sulphite process) which calls for 
high magnesium lime, and tanning, which calls for high calcium lime. 

AoBICULTUBAL LiMX 

The remarks on page 146 regarding agricultural limestone apply 
as a whole to agricultural lime, whether in the form of quicklime or hy- 
drated lime. Quicklime is especially adapted for certain uses, such as 
d^occulation of clay in heavy, sticky soils, and quick reaction with acids 
and other ingredients of the soil. High calcium lime would have a 
greater deHocculating effect than high magnesium lime. Hydrated 
lime is especially desirable wherever the caustic property of quicklime 
is not wanted, and where more rapid reaction is wanted than can be 
obtained from pulverized limestone. The effectiveness of unbnrned 
stone varies with the fineness to which it is ground. Pulverized stone, 
100 per cent of which can pass through a 200-mesh screen, reacts with 
comparative rapidity, whereas ground stone, which can only pass a 10- 
mesh screen, is relatively ineffective for rapid reaction. (Jnbumed 
stone, moreover, contains only about half as much available lime and 
magnesia as the corresponding burned lime. The presence or absence of 
magnesia is apparently of little consequence as a rule, although magnesia 
may be especially desirable or undesirable for certain crops. The main 
factor in deciding among these three forms of lime, therefore, as stated 
on page 162, is the ultimate cost per unit of efficiency to the consumer. 

Of the limes and limestone in North Carolina marketed for agricul- 
tural use, those produced for several years by private companies have 
had a moderate to high content of magnesia, whereas the limestone (from 
east Tennessee) and marl produced by the State Department of Agri- 
culture have been calcium products. The prospects of increasing the 
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total output of agricultural lime and limestone in the state are good, 
but are limited by the territory which can be more cheaply supplied 
from these sources than from sources outside of the state. 

Fnture »f the Marble, Limestone, and Line Indnstries In North Carolina 

The foregoing discussion forces the conclusion that scope of the lime- 
atone industries, including marble and lime, is not likely to increase 
greatly. Although one marble company has maintained a considerable 
. output, particularly of monumental stone, several other attempts to 
open quarries have been unsuccessful, largely because of defects in the 
stone, and in part probably because of insufficient capital, and adequate 
nearby markets, where the stone could have been introduced at minimum 
cost. A few prospects, however, afford hope that good quarries can be 
developed from them if funds are available for the necessarily expensive 
preliminary work of removing shattered surface rock and reaching sound 
stone below. 

The demand for crushed limestone is likely to increase as the "good 
roads" movement grows in territory that can be readily euppliod with 
Korth Carolina's limestone, and there is every reason to expect the nor- 
mal increase in production of pulverized limestone to continue. The 
fact that the production of flux failed to increase during the period of 
intensive metallurgical activity gives little hope for marked increase in 
the future. Marked growth in the production of burned lime depends 
largely .upon the successful introduction and handling of high magne- 
sium lime for building purposes, and establishment of paper mills using 
the sulphite (milk of lime) .process of preparing wood pulp. The loca- 
tion of the largest high calcium deposits is not very favorable for the 
establishment of Portland cement plants or of chemical manufacturers 
calling for high calcium lime, except perhaps paper mills. Markets and 
the sources of other essential raw materials are too distant to attract the 
■other more important industries. Waterpower is plentiful in western 
North Carolina, however, and its future development may offset the 
present disadvantages. Whenever this change takes place the high 
icalcium limestones particularly will increase in commercial importance. 
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